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RET.ATFD AP>i. . rATrn*i 

This is a continuation-in-part of U.S. S.N. 
922,585, filed October 2A, 1986, 

This invention was made with government 
support under a grant from the National Institutes of 
Bealth (Grant No* GN 26444). 

FIELD np THg TMvPMTTfiH 

The present invention relates to hormone 
receptor proteins and genes encoding them, modification 
of such receptors and genes by recombinant ONA and 
other genetic engineering techniques, plus uses of such 
receptors and genes, both unmodified and modified. More 
particularly, the invention concerns steroid and 
thyroid hormone receptors and associated genes. Most 
particularly, it concerns human glucocorticoid, 
mineralocorticoid and thyroid hormone receptors and 
genes for them. In addition the invention relates to a 
novel bioassay system for determining the functionality 
of hormone receptor proteins coded for by receptor DNA 
clones, plus novel methods for inducing and controlling 
expression of genes whose transcription is activated by 
hormones ccmplexed with receptor proteins. 

Transcriptional regulation of development and 
homeostasis in complex eukaryotes, including humans and 
other mammals, birds, and fish, is controlled by a wide 
variety of regulatory substances, including steroid and 
thyroid hormones. These hormones exert potent effects 
on development and differentiation in phylogenetically 
diverse organisms and their actions are mediated as a 
consequence of their interactions with specific, high 
affinity binding proteins referred to as receptors. 
generally, Jensen, et al., (1972) i GorsKi, et al., 
(1976), Yamamoto, et al., (1976), O'Malley, et al., 



WO88/031d8 -2- PCr/LSa7/02782 

(1963) ;"ywatd, et al., (1982) i andWsburner , et al., 
(1978). 

Receptor pcoteins* each especially specific 
foe one of the several classes of cognate steroid 
hormones (i.e.» estrogens (estrogen receptor) # 
progestogens (progesterone receptor) f glucocorticoids 
(glucocorticoid receptor)* androgens (androgen 
receptor)* aldosterones (mineralocorticoid receptor) or 
for cognate thyroid hormones (thyroid hormone 
receptor), are known and distributed in a tissue 
specific fashion. Sjut, Horvits* et al.* (1978) and 
Paniiter* et al.* (1976). 

Turning now to the interaction of hormones and 
receptors* it is known that a steroid or thyroid 
hormone enters cells by facilitated diffusion and binds 
to its specific receptor protein, initiating an 
alosteric alteration of the protein. As a result of 
this alteration, the hormone/receptor complex is 
capable of binding to certain specific sites on 
chromatin with high affinity, Yamamoto, et al., 

(1972) and Jensen, et al., (1968). 

It is also known that many of the primary 
effects of steroid and thyroid hormones involve 
increased transcription of a subset of genes in 
specific cell types. S&A Peterkofsky, et al., (1968) 
and McKnight, et al,, (1968). Moreover, there is 
evidence that activation of transcription (and, 
consequently, increased expression) of genes which are 
responsive to steroid and thyroid hormones (through 
interaction o£ chromatin with hormone recepter/hormene 
complex) is effected through binding of the complex to 
enhancers associated with the genes, {S£jt Khoury, et 
al., 1983,) 

In any case, a number of steroid hormone and 
thyroid hormone responsive transcriptional control 
units, some of which have been shown to include 
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enhancer., have been identified. These incRe the ^ 
mouse mammary tumor virus 5«-lon^, ^-.rminal repeat (KTV 
LTR), responsive to glucocorticoid, aldosterone and 
androgen hormones, the transcriptional control units 

5 for mammalian growth hormone genes, responsive to 

glucocorticoids, estrogens, and thyroid hormones, the 
transcriptional control units for mammalian prolactin 
genes and progesterone receptor genes, responsive to 
estrogens, the transcriptional control units for avian 

10 ovalbumin genes, responsive to progesterones, mammalian 
metallothionein gene transcriptional control units, 
responsive to glucocorticoids, and mammalian hepatic 
alphaau-globulin gene transcriptional control units, 
responsive to androgens, estrogens, thyroid hormones 

15 and glucocorticoids. (5fift the Introduction portion of 
Experimental Section I of this Specification for 

references.) 

A major obstacle to further understanding and 
„ore practical use of the steroid and thyroid hormone 
20 receptors has been the lacic of availability of the 
receptor proteins, in sufficient quantity and 
sufficiently pure form, to allow them to be adequately 
Characterized. The same is true for the ONA gene 
segments which encode them. Lack of availability of 
25 these DNA segments has prevented in Sittfl manipulation 
and in Jtistfl expression of the receptor-coding genes, 
and consequently the knowledge such manipulation and 
expression will yield. 

The present invention -is directed to 
30 overcoming these problems of short supply of adequately 
pure receptor material and lack of DNA segments which 
encode the receptors. 

The Background section of the specification 
35 cefers to the following publications. 
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The i^dy disclosed In Experlmen^^ Section I 
has been published as: Bollenbeis. S.M.r Weinberger r 
C. , Ong, E.S. » Cerelll, G. , Oio, A., Lebo, R, , 
Thompson, E.B., Rosenfeld, M.G., and Evans, R.M., 

5 

•Primary Structure and Expression of a Functional Human 
Glucocorticoid Receptor cONA", Mat^uro (London), 
316:635-641 (December, 1985). 

The study disclosed in Experimental Section II 
has been published as: Giguere, V., Bollenberg, S.M., 
Rosenfield, N.G., and Evans, R.M., "Functional Domains 
of the Human Glucocorticoid Receptor", 46:645-652 
(August, 1986) 

The study disclosed in Experimental Section 
III has been published as: We4^erger, C, Thompson, 

C. C., Ong, E.S., Lebo, R., Gruol, D.J., and Evans, 
R.M., "The c-fi£j2-A Gene Encodes a Thyroid Hormone 
Receptor", Mature (London), 324:641-646 (December, 

1986) . 

The study disclosed in Experimental Section IV 
has been published as: Arriza, J.L., Weinberger, C, 
Cerelli, G., Glaser, T.M., Handelin, B.L., Houseman, 

D. E. , and Evans, R.M., "Cloning of Human 
Miner alocorticoid Receptor Complementary DNA: 
Structural and Functional Kinship with the 
Glucocorticoid Receptor", Sri AngA . 237:268-275 (July, 

1987) . 

The study disclosed in Experimental Section V 
is in press ass Giguiitre, V., Yang, N., Segui, P., and 
Evans, R.M. , "Identification of. a New Class of Steroid 
Hormone Receptors". 
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The study disclosed in Experimental Section VI 
is in press as: Glass, C.K., Franco, R. , Weinberger, 
C, Albert, V.R. , Evans, R.M., and Rosenfeld, M.G., "A 
c-ficti-A Binding Site in the Rat Growth Hormone Gene 
Mediates Transactions by Thyroid Bormone". 

The study disclosed in Experimental Section 
VII has been published as: Thompson, Catherine C, 
Weinberger, Gary, Lebo, Roger, and Evans, Ronald M. , 
•Identification of a Novel Thyroid Hormone Receptor 
Expressed in the Mammalian Central Nervous System", 
SfiifiOCft, 237:1610-1614 (September, 1987). 

BRIEF nRSCBTPTTn^ tHR nPAWJf if,,*^ 

The following is a brief description of the 
drawings. More detailed descriptions are found in the 
Experimental Sections of this sepcif ication. To avoid 
confusion, drawings which are referred to in 
Experimental Section I are labeled with the prefix "I"; 
those referred to in Experimental Section II are 
labeled with the prefix "II", and so on. 

The drawings comprise 40 Figures, of which: 

EXPERT MRNTftL ftP.CTTnn j 
FIGURE I-l (A and B) is a drawing which shows 
the human glucocorticoid receptor cDNA sequencing 
strategy (Fig. I-l (A)), plus a schematic representation 
of cuNA Clones (Fig. l-l(B)). 

FIGURE 1-2 is a drawing which shows the cDNA 
and predicted primary protein sequence of human 
glucocorticoid receptor (hGR). (Figure 1-2 is divided 
into two parts: Fig. I-2(1) and Fig. 1-2(2).) 

FIGURE 1-3 (A and B) is a drawing which shows 
the restriction map (Pig. 1-3 (A)) and nucleotide 
sequence (Fig. 1-3 (B)) of the 3' end of the human 
glucocorticoid receptor beta cDNA (beta-hGR) . 

FIGURE 1-4 (A and B) relates to an immunoblot 
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comparison of hGR translated ^ ^ with In ^ ^GR 

e«"cts. Pi,. x-4(A, is a drawing T.iT, 
the constructed for in ^ transcription f 

5 the hGR cONA sequence. Pig. 1-4(3, is a photograph 

Showing a Western blot analysis of in ^ translation 
products and cell extracts. siation 

FIGURE 1-5 is a graph showing steroid-binding 
Of alpha-hGR (GR107) translated in ^^itm. 

exDr.««. " * schematic drawing of 

1-6(8,,. Piasmid pGERRl was used to express 
estrogen related receptor hERRi; pGERR2 was used to 
express hERR2. 

15 ExPEPTMPfjTAr. irrr-nri tt 

FIGURE ii-i is a drawing showing a schematic 
representation of the hGR functional assay. 

bl«^ Z""^"^"' ""^ " * photograph showing a Western 
blot analysis whica illustrates expression of hGR 
protein. 

PIGDRE 11-3 is a Photograph of a blot which 
iUusttates induction ot CAT activity by hGR. 

i^ J IT T ''"-"^''-« " P«ShGR alpha, 

25 '^9. 11-4 (B) Shows the titration Of pRShGta. 

FIGORE II-5 is a schematic drawing showing the 
location Of functional domains in hGR. 

Show. .A.T" '* ' 

^° Plur.B^tr ••'fencing strategy, 

Pius (B) the nucleotide and predicted amino acid 
e,„e,c., of human placenta c-^-4 ,o.A. (Pi^ure 

"-<BWand 

« acid « " • '""i-^ an amino 

portions Of the v-btH-a oncogene product, the human 
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placental c-fiiU-A polypeptide and the human 
glucococticoid and oestrogen ceceptocs. 

FIGURE III-3 (A, B and C) is a photograph of a 
blot showing Southern analysis and chromosome mapping 
of human placental DNA with c-fixH-A DNA probes. Pig. 
III-3(A) shows human term placental DNA digested with 
endonucleases and separated on an agarose gel. Fig. 
III-3(B) shows an analysis of a placental DNA using 
c-firU-A as a probe. Pig. III-3(C) shows chromosome 
mapping of the human c-firh-A genes. 

FIGURE ln-4 (A and B) is a photograph showing 
human c-&xh'h expression. Pig. Hi-4(A) is a blot 
showing a Northern analysis of RNA's from human cell 
lines and human placenta. Pig. lii-4(B) illustrates 
synthesis of fijcii-A polypeptide la xitLfl. 

FIGURE IH-5 (A, B, C and D) shows four graphs 
which relate to thyroid hormone binding to grb-ft 
polypeptides synthesized In vifem . Pig, iii-5(a) 13 a 
Scatchard analysis of 125i-t3 binding to the &zh.-& 
polypeptides made In aittfl. Pig. m-5(B) shows 
competition of thryoid hormone analogues In vifm . pig. 
III-5(C) shows competition of triiodothyronine isomers 
from I251-T3 binding to &Lh-^ polypeptides synthesized 
in JLitm. Pig. iii-5(D) shows competition of thyroid 
hormone analogues for I251-T3 binding to 0.4 Ka HeLa 
cell nuclear extracts. 

FIGURE xn-6 is a -schematic drawing which 
compares the steroid and thyroid hormone receptors. 

FIGURE III-7 is a drawing which shows the cDNA 
nucleotide sequence and the predicted primary protein 
sequence of human thyroid receptor hERBA 8.7. (The 
sequence of thyroid receptor hPA 8 is related to hERBA 
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8.7. See the Oescciptlon of the Invention section 
which follows.) 

EXPERT MRNTAr. gPrTTn^ jy 
PIGORE IV-1 (A, B, C and D) ia comprised of 
three photographs and one schematic drawing, all of 
which concern to isolation of a genomic sequence 
related to the hGR gene. Pig. IV-1{A) is a photograph 
showing high-stringency Southern analysis of human 
placenta ONA digested with the indicated nucleases. 
Pig. IV-4(B) is similar except that it shows 
low-stringency Southern analysis. Pig. IV-4{C) is also 
a photograph of a Southern blot; it demonstrates 
isolation of the genomic sequence in a clone designated 
lambda HGH. Pig. iv-4{D) is a schematic drawing which 
shows the intron-exon structure of lambda HGH genomic 
fragment and its homology with hGR. 

FIGURE IV-2 (A and B) is a drawing which shows 
the cDNA nucleotide sequence and the predicted primary 
protein sequence of human miner alocorticoid receptor. 
Pig. IV-2 (A) shows the composite structure of hMR 
aligned with a line diagram of some restriction 
endonuclease cleavage sites. Pig. iv-2(B) shows the 
complete nucleotide sequence of hMR and its primary 
predicted amino acid sequence. (Figure IV-2(B) is 
divided into two parts: Pig. IV-2(B)-1 and Pig. 
IV-2 (B) -2.) 

PIGORE iv-3 is a drawing which shows the amino 
acid homology between miner alocorticoid receptor and 
glucocorticoid receptor. 

PIGORE lv-4 (A, B, C and D) is a drawing and 
three graphs which relate to the steroid-binding 
properties of expressed hMR. Pig. iv-4(A) shows the 
structure of expression plasmid pRShMr, the plasmid 
used to express hMR. Pig. iv-4(B) is a graph showing 
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Scatchacd analysis of tritiated aldosterone binding in 
extracts prepared from pRShMR-transf ected COS cells. 
Figs. IV-4(C) and (D) are graphs showing competition of 
unlabeled steroids for binding with (3a]aldosterone in 
transf ected COS cells. 

PIGORE IV-5 (A, B and C) is a drawing and two 
photographs which show transcriptional activation of 
NMTV LTR by hMR and hGR expression plasmlds in 
transf ected CV-1 cells. Pig. IV-5(A) is a schematic 
drawing of plasmid GNCAT. Fig. IV-5(B) is a photograph 
of a blot which shows differential CAT enzyme activit;y 
found after hMR or hGR transfection with normal serum. 
Pig. IV-S(C) is a photograph of a blot which shows 
differential induction of CAT activity by aldosterone 
or dexamethasone in cells transf ected with hMR or hGR. 

FIGURE IV-6 is a photograph of a blot showing 
Northern analysis of mineralocorticoid receptor mRNA's 
in rat tissues. 

FIGURE IV-7 is a photograph showing 
chromosomal localization of hMR gene by Southern 
analysis of microcell hybrids. 

FIGURE IV-8 is a schematic drawing showing 
amino acid comparisons of the hGR, hHR, and hPR 
structures. 

RXPRRTMRMT&r. fiRrTTOM V 

FIGURE V-1 (A and B) is a drawing which shows 
the coNA nucleotide sequence. and the predicted primary 
protein sequence of hERRl. Fig. V-l(A) shows the 
composite structure of hERRl aligned with a line 
diagram of some restriction endonuclease cleavage 
sites. Fig. V-l(B) shows the complete nucleotide 
sequence of hERRl and its primary predicted amino acid 
sequence. (Figure V-l(B) is divided into two parts: 
Pig. V-1(B)-1 and Pig. V-l(B)-2.) 
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FIGURE V-2 (A and B) is a drawing which shows 
the cuNA nucleotide sequence and the predicted primary 
protein sequence of hEI«2. Fig. v-2 (A) shows the 
^ composite structure of hERfi2 aligned with a line 
diagram of some restriction endonuclease cleavage 
sites. Fig. v-2(B) shows the complete nucleotide 
sequence of htRR2 and its primary predicted amino acid 
sequence. (Figure V-2{B) is di/ided into two partsi 
Pig. V-2(B)-1 and Fig. V-2(B)-2.) 

FIGURE v-3 is a drawing showing an amino acid 
sequence comparison between the carboxy-terminal 
regionSgO^fthERRl, hERR2, the human oestrogen and 
glucocorticoid receptors. 

FIGURE V-4 is a photograph showing Northern 
blot hybridization analysis of hERRl (Fig. V-4 (A)) and 
mRNA's in rat and human tissues (Fig. V-4(B)). 

FIGURE V-5 is a schematic drawing showing 
amino acid comnarison between hERRl and hERR2, hER and 
human thyroid hormone receptor (hTsR beta) . 

FIGURE VI-1 (A, B and C) is comprised of two 
drawings, plus a drawing and a photograph, all of which 
relate to thyroid hormone responsiveness of various 
gene fusions containing rat GH 5 '-flanking sequences. 
Fig. VI-1 (A) is a drawing which illustrates 
responsiveness of 5' and 3' deletions of the rat GH 
gene. Fig. vi-l(B) is a dr^awing which shows functional 
analysis of the putative T3 receptor binding site. Fig. 
VI-l(C) is a drawing/photograph combination which 
illustrates an mRNA transcription initiation site 
analysis. 

FIGURE VI-2 (A and B) is a drawing which 
relates to binding of T3 receptors to oligonucleotide 
probes containing biotin-ll-dUTP. Fig. vi-l(A) is a 
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schematic representation of two oligonucleotide probes 
used to assay T3 receptor binding to GH 5 '-flanking 
sequences. Fig. iv-l(B) is a graph showing 
^ precipitation of IZSj-Tj labeled T3 receptors from GC2 
nuclear extracts by various oligonucleotide probes. 

FIGURE VI-3 is a photograph showing a DNase I 
footprinting of the rat GH enhancer element by CiC2 
nuclear extracts. 

iO FIGURE Vl-4 is a graph illustrating binding to 

oligonucleotides containing 64 and 29 base pairs of 
5 '-flanking GH sequence of rat pituitary cell T3 
receptors and an hc-oxh-h la vXtro translation product. 
EXPRRrMRWTAr. gprTTo^p 

15 FIGURE VII-1 (A and B) is a schematic drawing 

which shows the restriction map (A), plus the 
nucleotide and predicted amino acid sequence (B) , of 
thyroid hormone receptor cDNA from rat brain clone 
rbeA12. 

20 FIGURE VIl-2 is a schematic drawing which 

compares the rat thyroid hormone receptor (rTR alpha) 
protein with the human thyroid hormone receptor {hTR 
beta) and chicken thyroid hormone receptor (cTR alpha) 
proteins. 

25 (A, B and C) is a photograph 

showing Southern blot analysis and human chromosomal 
localization of the rTR alpha gene. Fig. VII-3(a) is a 
blot showing human placenta DNA hybridized to a 500-bp 
Smll fragment from rbeA12; Pig. VII-3(B) shows the 
placenta DNA hybridized to a 450-bp 2^1 fragment from 
hTR beta. Fig. vil.3(C) shows chromosome mapping of 
the rTR alpha gene. 
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FIGORE VI 1-4 (A, B and C) shows a photograph 
and two graphs which relate to in iiiLtfl translation and 
thyroid hormone binding of rTR alpha. Pig. VII-4(A) is 
a photograph of a SDS-polyacrylamide gel showing the in 
5 vifcro translation products of rTR alpha. Pig. VII-4{B) 
is a graph showing a Scatchard analysis of 125i-T3 
binding to ia iltLSi translated rTR alpha. Pig. 
VI1-4(C) is a graph showing competition of thyroid 
hormone analogs for 125i-T3 binding to In JUJilll 
translated rTR alpha. 

FIGURE VI 1-5 is a photograph of a gel which 
illustrates tissue distribution of rTR alpha mRNA. 

ppPTMTTTQNS 

In the present specification and claims, 
reference will be made to phrases and terms of art 
which are expressly defined for use herein as follows: 

As used herein, GR means glucocorticoid 
receptor. Disclosed DNA hGR codes for glucocorticoid 
receptor GR. 

20 As used herein, MR means mineralocorticoid 

receptor. Disclosed DNA hMR codes for 
mineralocorticoid receptor MR. 

As used herein, TR means thyroid receptor. 
Disclosed human DNA's c-fiUi-A# hERBA 8.7 and hPAS, and 
2'' rat rbeA12, all code for thyroid receptor. 

As used herein, hERRl and hERR2 designate 
DNA's which code for estrogen-related receptor 
proteins. 

As used herein, glucocorticoid hormones 
30 include Cortisol, hydrocortisone (HC) , and 

corticosterone (CS) , and analogs thereof include 
dexamethasone (Dex) , deoxycorticosterone (Doc), and 
triamcinolone acetonide. 

As used herein, mineralocorticoids include 
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aldosterone^Aldo) r as well as corticosterone 
deoxycocticosterone (Doc) • 

As used herein, thyroid hormones include 
thyroxine (T4) and triiodothyronine (T3)« 

As used herein, estrogens (or oestrogens) 
include estradiol-l? beta, and analogs thereof include 
diethylstilbestrol. 

As used herein, progestogens include 
progesterone (Prog), and analogs thereof include 
promegestone* 

As used herein, androgens include 
dihydroxytestosterone, and analogs thereof include 
methyltrienolone* 

As used herein, MTV means mammary tumor virus; 
MMTV means mouse mammary tumor virus. 

As used herein, RSV means Rous sarcoma virus; 
SV means Simian virus. 

As used herein, CAT means chloramphenicol 
acetyltransf erase. 

As used herein, COS means monkey kidney cells 
which express T antigen (Tag), s^m Gluxman, £ell# 
23:175 (1981). COS cells are useful in the bioassay 
system of the present invention. 

As used herein, CV-1 means mouse kidney cells 
from the cell line referred to as "CV-l", CV-1 is the 
parental line of COS. Dnlike COS cells, which have 
been transformed to express SV40 T antigen (Tag) , CV--1 
cells do not express T antigen. Like COS cells, CV-1 
cells are useful in the bioassay system and methods of 
the present invention. 

As used herein, when it is said that a protein 
has "hormone-binding properties characteristic of a 
hormone receptor*, it means that, if, in any standard 
assay for binding-af f inity between a hormone from a 
species, or a synthetic analog thereof, and its cognate 
receptor (s) from that species, the affinity of the 
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protein fW^the hormone or synthetic analog is at least 
about 10% of the affinity of txic hormone or analog and 
the cognate receptor (s) from that species. 
5 As used herein, when it is said that the 

transcription-activating property of a protein (X) is 
■characteristic" of that of a hormone receptor (R) , it 
means that, if, when tested in an assay such as the 
•cis-trana" receptor functionality bioassay system of 
10 the invention, Description of the Invention; also 

a^ft Experimental Section II, especially Pig. ii-i, plus 
the subsections labeled •Results- and •Experimental 
Procedures- which relate to use of the bioassay to show 
functional expression of hGR) , the rate of expression 
15 from a gene (G) (whose transcription is activated by 
binding oft a receptor complexed with hormone or 
hormone analog) is, when protein. (X) is employed in 
place of receptor (R) , at least about 10% that shown 
when receptor (R) itself is used, as long as, in both 
20 the case of the •receptor" (R) ^nd "protein (X)^, the 
involved cells a-e bathed in the same concentration of 
hormone or analog thereof. 

As used herein, when it is said that a protein 
has "hormone-binding or transcription-activating 
25 properties characteristic of a hormone receptor", it is 
intended that the hormone receptor itself be 
encompassed within this definition. 

As used herein, when it is said that the 
transcription of a gene (G) is "substantially activated 
30 by hormone (H) , or hormone analog (aH)", it means that 
the transcription of gene (G) i:: induced by binding of: 
a hormone/receptor 1(H) or (aH)/(R) or (r)J complex to 
chromatin near where gene (G) is located. Under this 
definition (R) is meant to designate "wild-type^ or 
35 unaltered hormone receptors. The lower case (r) 

notation is meant to designate functional "engineered" 
or "modified" receptor proteins, or proteins encoded by 
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mRNA variants of "wild-type" receptor genes. 

As used herein, GRE':> ^lean glucocorticoid 
response elements and TRE's mean thyroid receptor 
^ enhancer-like DNA sequences. GRE's are enhancer-like 
DNA sequences that confer glucocorticoid responsiveness 
via interaction with the GR. Slut Payvar, et al., Cgii . 
35:381 (1983) and Schiedereit, et al.. Nature . 304:749 
(1983). TRE's are similar to GRE's except that they 
confer thyroid hormone responsiveness via interaction 
with TR. 

As used herein, the terms "transcriptional 
control unit", "transcriptional control element", 
"hormone responsive promoter/enhancer element" and "DNA 
sequeiTces which mediate transcriptional stimulation" 
mean the same thing, and are used interchangeably. 

As used herein, in the phrase "operative 
hormone rrsponsive promoter/enhancer element 
functionally linked to an operative reporter gene", the 
word "operative" means that the respective DNA 
sequences (represented by the terms "hormone responsive 
promoter/enhancer element" and "reporter gene") are 
operational, i.e., work for their intended purposes; 
the word "functionally" means that after the two 
2j segments are linked, upon appropriate activation by a 
hormone-receptor complex, the reporter gene will be 
expressed as the result of the fact that the "hormone 
responsive promoter" was "turned on" or otherwise 
activated. 

As used herein, the term "receptor-negative" 
means that no receptor is detectable in the cell, or if 
it is, only a amount (i.e., a barely 

detectable amount) of receptor is present. 

As used herein, a "mutant" of a DNA of the 
invention means a DNA of the invention which has been 
genetically engineered to be different from the 
"wild-type" or unmodified sequence. Such genetic 
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engineer iiT^can include the insertion <rr new 
nucleotides into the wild-type .oquencesr deletion of 
nucleotides from the wild-type sequences r or a 
substitution of nucleotides in the wild-type sequences. 

Use of the term "substantial sequence 
homology* in the present specification and claims means 
it is intended that DNA or RNA sequences which have dfi 
miniiBUB sequence variations from the actual sequences 
disclosed and claimed herein are within the scope of 
the appended claims* 

The amino acids which comprise the various 
amino acid sequences appearing herein may be identified 
according to the following three-letter or one-letter 
abbreviations: :r.' 

Three-Letter One-Letter 

Am^nn AriA AbbrfYlfltlOn ' Abbrpvl afei nn 



L 




Alanine 


Ala 


A 


L 




Arginine 


Arg 


R 


L 




Asparagine 


Asn 


N 


L 




Aspartic AcJd 


Asp 


D 


L 




Cysteine 


Cys 


C 


L 




Glutamine 


Gin 


Q 


L 




Glutamic Acid 


Glu 


E 


L 




Histidine 


His 


H 


L 




Zsoleucine 


He 


Z 


L 




Leucine 


Leu 


L 


L 




Lysine 


^ Lys 


R 


L 




Methionine 


Net 


M 


L 




Phenylalanine 


Phe - r 


P 


L 




Proline 


Pro 


P 


L 




Serine 


Ser 


S 


L 




Threonine 


Thr 


T 


L 




Tryptophan 


Trp 


W 


L 




Tyrosine 


Tyr 


Y 


L 




Valine 


Val 


V 



The nucleotides which comprise the various 
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nucleotide sequences appearing herein have their usual 
single-letter designations (A, G, T, C or U) used 
" routinely in the art. 

In the textual portion of the present 
specification and claimsr references to Greek letters 
-I: written as alpha, beta, etc. In the Figures the 

corresponding Greek letter symbols are sometimes used. 

Expression plasraid pGEM3 is commercially 
available from Promega Biotec, 2800 South Fish Hatchery 
Road, Madison, WI 53711. 

DEPOSTTg 

Plasmids pRShGR-alpha, pRShMR, peAlOl, rbeA12 
and GMCAT, all of which are in £^ em l HBlOl, plasmids 
pE4 and pHKA, both of which are in SL, coi < DH5, plus 
plasmids phH3, phERBA 8.7 and phFA 8, have been 
deposited at the American Type Culture Collection, 
Rockville, Maryland, U.S.A. (ATCC) under the terms of 
the Budapest Treaty on the International Recognition of 
Deposits of Microorganisms for Purposes of Patent 
Procedure and the Regulations promulgated under this 
Treaty. Samples of the plasmids are and will be 
available to industrial property offices and other 
persons legally entitled to receive them under the 
terms of said Treaty and Regulations and otherwise in 
compliance with the patent laws and regulations of the 
Onited states of America and all other nations or 
international organizations in which tMs application, 
or an application claiming priority of this 
application, is filed or in which any patent granted on 
any such application is granted. 

The ATCC Deposit Numbers for the ten deposits 
are as follows: 

pRShGR-alpha 67200 

pRShMR 67201 

peAlOl 67244 

rbeA12 67281 
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coropriWs a cell, preferably a mammalian cell, 
transformed with a DNA of the *nvention. According to 
this aspect of the invention, the transforming ONA is 
^ capable of being expressed in the cell, thereby 

increasing the amount of receptor, encoded by this DNA, 
in the cell. 

Further the invention comprises cells, 
including yeast cells and bacterial cells such as those 
of £^ £fill and fi^ aubtillfl, transformed with ONA's of 
the invention. 

Still further the invention comprises novel 
receptors made by expression of a DNA of the invention, 
or translation of an mRNA of the invention. According 
to this aspect of the invention, the receptors will be 
protein products of "unmodified" ONA's and mRNA's of 
the invention, or will be modified or genetically 
engineered protein products which, as a result of 
engineered mutations in the receptor DNA sequences, 
will have one or more differences in amino acid 
sequence from the corresponding naturally occurring 
■wild-type" or cognate receptor (i.e., the naturally 
occurring receptor of known sequence with the greatest 
amino acid sequence homology to the novel receptor). 
Preferably these receptors, whether "unmodified" or 
•engineered", will have at least about 10% of the 
hormone binding activity and/or at least about 10% of 
the transcription-activating activity of the 
corresponding naturally occurring cognate receptor. 

The invention alio comprises a novel method 
for determining the functionality of hormone receptor 
proteins produced from the DNA's (or mRNA's) of the 
invention. The new method, which is referred to herein 
as the "cis-trans" bioassay system, utilizes two 
plasmidst an "expression" plasmid and a "reporter" 
plasfflid. According to the invention, the expression 
plasmid can be any plasmid which contains and is 
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expressing a receptor ON^^f the invention, 
or an engineered mutant thert in a suitable 
receptor-negative host cell. Also according to the 
invention, the reporter plasmid can be any plasmid 
which contains an operative hormone responsive 
promoter/enhancer element functionally linked to an 
operative reporter gene. 

In practicing the ■cis-trans" bioassay of the 
invention, the expression plasmid (containing a 
■receptor* ONA of the invention) and the reporter 
plasmid are cotransf ected into suitable 
receptor-negative host cells. The transfected host 
celld are then cultured in the presence and absence of 
a hormone, or analog thereof, which is able to activate 
the hormone responsive promoter/enhancer element of the 
reporter plasmid. Next the transfected and cultured 
host cells are monitored for induction (i.e., the 
presence) of the product of the reporter gene sequence. 
Finally, according to the invention, the expression and 
steroid binding-capacity of the receptor protein (coded 
for by the receptor DNA sequence on the expression 
plasmid and produced in the transfected and cultured 
host cells), is measured. (£&& Pig. ll-2 for a 
schematic drawing of this "cis-trans" bioassay system.) 

The "cis-trans" bioassay system is especially 
useful for determining whether a receptor DNA of the 
invention has been expressed in a transformed host 
cell; it is also useful in determining whether a 
receptor of the invention has at least about 10% of the 
binding activity of the corresponding naturally 
occurring cognate receptor, as well as whether such a 
receptor has at least about 10% of the 
transcription-activating activity of the corresponding 
naturally occurring cognate receptor. 

Finally, it has been discovered, with the use 
of the DNA' 8 of the invention, that a necessary and 
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suffici^i^ conditioHr for activation^^ transcription 
of a gene (G) whose transcript, v^n is activated by 
hormones complexed with receptors is the presence of 
^ the hormone and its receptor in the same cell as (G) • 
This discovery has enabled us to provide improved 
compositions and methods for producing desired proteins 
in genetically engineered cells. 

Two of these methods are methods of the 
present invention. The first is a method for inducing 
transcription of a gene whose transcription is 
activated by hormones complexed the receptors. The 
second is a method for genetically engineering a cell 
and then increasing and controlling production of a 
protein coded for by a gene whose transcription is 
activated by hormones complexed with receptor proteins. 

In discussing these two methods # a gene whose 
transcription is activated by hormones complexed with 
receptor proteins will be referred to as gene (G) . The 
hormone which activates gene (G) will be referred to as 
(H) $ and any of its analogs as (aH) . Receptor protein 
will be referred to as (R) # and functional 
modifications thereof as (r). Finallyr the cell where 
gene (G) is located will be referred to as (C) $ and the 
protein coded for by gene (G) will be referred to as 
(P). 

According to the gene induction method of the 
invention, cell (C) , which contains gene (G) , is 
transformed by a DNA of the invention, which is capable 
of being expressed in cell^ (C) and which codes for 
receptor (R) or a modified functional form (r) thereof; 
and the concentration of hormone (B) , or analog (aH) , 
in cell (C) is increased to a level at least sufficient 
to assure induction of expression of gene (G) * 

According to the method for engineering a cell 
and then producing protein (P) x gene (G) r which codes 
for protein (P) , is placed in cell (C) so that it is 
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under tf^control o£ a ttanscciptiorJI control element 
to which hormone (H) , when cc..;rexed with receptor (R) , 
can bind, thereby inducing transcription of gene (G) . 
^ Also according to this protein production method, both 
hormone (B) and receptor (R) are present in cell (C) . 
The presence of receptor (R) is assured by transforming 
cell (C) with a ONA of the invention which codes for 
receptor (R), or a functional modified form (r) 
thereof. The presence of hormone (H) , or its synthetic 
analog (aB) is assured by bathing transformed cell (C) 
in a bathing solution which contains hormone (H) or 
analog (aB) . Then, according to the method, the 
transcription of gene (G) is controlled by controlling 
the concentration of (B) or (aB) in the bathing 
solution used to bath transformed cell (C). By so 
controlling the transcription of gene (G) , it is 
possible to control the production of protein (P) in 
cell . (C) . 

20 skilled in the art will appreciate, 

based on this teaching, it will now be possible to 
engineer cells so that production of & protein (P) , 
encoded by a gene (G) whose transcription is activated 
by a hormone/receptor complex, is controlled by simply 
assuring the presence of hormone (B) and its receptor 
in cell (C) where gene (G) is located, and then 
controlling the concentration of hormone (B) or its 
analog that is present in cell (C) . 

DESCRTPTTOM HP thb TMVf;^TTp^ 

30 present invention relates, in part, to ONA 

segments which code for proteins having the 
hormone-binding and/or transcription-activating 
properties characteristic of glucocorticoid, 
mineralocorticoid and thyroid hormone receptors. 
According to this aspect of the invention, these ONA 
segments are ones capable of being expressed, in 
suitable host cells, thereby producing glucocorticoid. 



• -24- • 

minecalococticoid and thyroid hormone receptors or 
receptor -like proteins. The invention also relates to 
mRNA's produced as the result of transcription of the 
sense stands of the DNA's of the invention. 
5 The DNA's of the invention are exemplified by 

DNA's referred to herein as: human glucocorticoid 
receptor DNA (hGR) ; human thyroid hormone receptor 
DNA's (hTR: hTR alpha and hTR beta; hTR alpha is 
exemplified by hERBA 8.7 and hFA 8; hTR beta is 
10 exemplified by cellular or "c-fitb-A") ; tat thyroid 

hormone receptor (rbeA12) , which is the rat homolog of 
human thyroid receptor alpha; human miner alocorticoid 
receptor (hMR) ; and new human steroid hormone receptors 
(hERRl and hERR2) . The sense strand cDNA nucleotide 
L5 sequences, and the predicted primary protein sequences 
coded for thereby, are shown in Pigs. 1-2(1) and 1-2(2) 
for hGR; in Figs. III-1(B)-1 and HI-l(B)-2 for human 
c-srH-A/ and in Pig. III-7 for hERBA 8.7 and hPA 8; in 
Figs. IV-2(B)-1 and IV-2(B)-2 for hMR; in Figs. 
20 V-1(B)-1 and V-l(B)-2 and Figs. V-2(B)-1 and V-2(B)-2 
for hERRl and hERR2, respectively; and in Fig. VII-l(B) 
for rat thyroid receptor rbeAl2. 

DNA's hGR, human c-erJl-A, hERBA 8.7, hFA8, 
hMR, hERRl, and hERR2 are preferred uNA's of the 
25 invention. Also preferred are the plasmids which carry 
these and other DNA's of the invention. Preferred 
plasmids include: pRShGR-alpha , pRShMR, peAlOl, rbeA12, 
GMCAT, pE4, pHKA, phERBA 8.7, phFA 8, and phH3. 

In addition to pRShGR-alpha, preferred DNA's 
30 include modifications of pRShGR-alpha which are 

designated herein as 19, 137, 1102, 1120, 1204, 1214, 
1262, 1289, 1305, 1346, 1384, 1403, 1408, 1422, 1428, 
1440, 1448, 1490, 1515, 1532, 1550, and 1684, where "I" 
stands for "Insert", and the number following the "I" 
35 represents the DNA modification designation. Most 

preferred of the modified pRShGR DNA's are those which 
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RSV-LTR-containlng segment. The AA at the 3 '-end of the 
segment shown in Pig. IV-2(B)-2 is a few bases upstream 
of the 5 '-end of the segment which includes the SV40 
polyadenylation signal. 
5 Plasmid peAlOl caicies the entire coding 

region of human thyroid receptor c-fiiH-A. (The gene 
for c-fiLh-A been localized to human chromosome 3; the 
protein product encoded by this receptor gene is now 
referred to as hTR beta. S£A Experimental Section III; 
10 compare with Experimental Section Vll.) 

Plasmid peAlOl was constructed by inserting 
the £cflRI fragment from pheA12 Pig. IIl-l(A)) into 

the ficoRI site of expression vector pGEM3 (Promega 
Biotec) , in the correct orientation. For further 
15 detail on this construction asA Experimental Section 
III, subsection III. I., under the heading labeled: 
Pig. III-4 Methods. 

In addition to the hTR receptor which has been 
localized to human chromosome 3, we have discovered a 
20 second thyroid hormone receptor that is distinct from 
the protein sequence predicted by plasmid peAlOl. We 
have now isolated and characterized this new and 
unexpected thyroid receptor from both the rat than the 
human. In the rat this new thyroid hormone receptor is 
25 encoded by the DNA of plasmid rbeA12. (The DNA and 

predicted primary protein sequence for rbeA12 is shown 
in Pig, Vll-l(B)) In th^ human, the new thyroid hormone 
receptor is encoded by plasmid clone hEP3A 8.7, and its 
related clone hPA 8. (s&a Pig. III-7 for the sequences 
30 of hERBA 8.7) hERBA 8.7 and hPA8 are cuNA products 

from the same gene. The DNA sequence of clone hPA 8 is 
identical with the DNA sequence for hfcRBA 8.7 (shown in 
Pig. IH-7) with the following exceptions. The hPA 8 
sequence .s shorter than the sequence shown in Pig. 
35 III-7. More specifically, nucleotides la (G) , through 
514 an (A) , of the ERBA 8.7 sequence are missing in the 
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hPA 8 sequence. In addition the hFA 8 sequence has a 
deletion which extends from the guanine (G) at base 
pair position 1138 through the guanine (G) at base pair 
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1244. ^H^is deletion eliminates ami^^ acids 368, a 
(Glu), through 406, a (Gin) m the polypeptide 
encoded by the hFA 8 clone* As stated above, our 
^ initial thyroid receptor has been localized to 

chromosome 3. As we show in Experimental Section VZI, 
the human gene for the new thyroid hormone receptor has 
been localized to human chromosome 17. Rat thyroid 
receptor rbeA12 represents the rat homolog of the human 
gene product from chromosome 17 • 

Because they are encoded by distinct genetic 
locir the chromosome 17 gene products are now 
classified as hTR alpha and the chromosome 3 gene 
product is classified as hTR beta. Although highly 
related, the alpha and beta gene products contain 
specific changes in their primary amino acid sequence. 
Also, alpha and beta products display 
characteristically distinct patterns of expression. 

The actions of thyroid hormones are widespread 
2^ and dependent upon these receptors. Prior to our 

cloning of thyroid hormone receptor, this receptor had 
not been purified or biochemically characterized. Also, 
the scientific literature was entirely devoid of any 
evidence suggesting the existence of multiple thyroid 
2^ hormone receptor gene products. The existence of 
multiple receptors will be useful as the basis for 
developing thyroid hormone analogs that selectively 
activate only one class of these receptors. This could 
have widespread clinical impact and thus represents an 
exciting and important discovery. 

The initial thyroid hormone receptor we 
characterized was peA12, the receptor now referred to 
as human thyroid receptor beta. We used this beta 
clone to screen, by molecular hybridization, a rat 
brain cDNA library for related sequences. This led to 
the identification of plasmid rbeA12 and its subsequent 
identification as a novel thyroid hormone receptor of 
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the alpha class. Rat rbeA12 in turn was used as a 
molecular hybridization prob^ to clone the human 
homolog to the rbeA12 gene product. The human product 
is encoded by clones hERBA 8.7 and hPA 8. 

Additional thyroid receptor cDNA's (rat 
thyroid receptor rbeA12, and human thyroid receptors 
hiiRBA 8.7 and hFA8 can be expressed by inserting their 
CDNA's, in the correct orientation, into expression 
vector PGEM3, as was done for c-tih-h. 

Turning now to plasmid GMCAT, it is a reporter 
plasmid that contains the MTV LTR linked to the 
bacterial gene for chloramphenicol acetyltransf erase 
(CAT), As a result of this linkage, use of pGMCAT 
provides an enzymatic assay for assessing 
transcriptional activity of the MTV promoter. Since 
the MTV promoter contains several glucocorticoid 
response elements (GRE's), reporter plasmid pGMCAT can 
be cotransfected with expression plasmids carrying 
glucocorticoid or mineralocorticoid receptor DNA's, now 
known or later discovered, into suitable host cells. 
(Such cotransfection is part of the receptor 
•cis-trans- functionality bioassay system of the 
present invention. This aspect of the invention is 
discussed more fully below.) Detection of CAT activity 
in the co-transfected host cells shows that the 
polypeptides produced by the receptor expression 
plasmids are functional, i.e., have transcription 
activating properties characteristic of receptor 
proteins. Plasmid pGMCAT has been deposited with the 
ATCC for patent purposes; it has been accorded ATCC » 
67282. Pig. iv-5(A)) for a schematic drawing of 

pGMCAT. ) 

Plasmid GHCAT is an example of another 
reporter plasmid which is useful in the present 
invention. pGHCAT contains a portion of the growth 
hormone promoter functionally linked to the bacterial 
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gene for chlocamphenicol acetyltransferase (CAT) . 
Because of this linkage, use of pGHCAT provides an 
enzymatic assay for assessing transcriptional activity 
of the growth hormone (GH) promoter. Since the GH 
promoter contains a thyroid hormone response element 
(TRE) / reporter plasmid pGHCAT can be cotransfected 
with expression plasmids carrying thyroid hormone 
receptor DNA's, now known or later discovered, into 
suitable host cells. (Such cotransf ection is also part 
of the 'cis-trans' receptor functional bioassay system 
of the present invention. This aspect of the invention 
is discussed more fully below.) When pGHCAT is used 
with a TR expression plasmid (wnlch for example could 
carry hTR alpha or hTR beta DKA) to cotransfect 
suitable host cells, detection of CAT activity in the 
co-transfected host cells can be used to show that the 
polypeptides produced by the thyroid receptor (TR) 
expression plasmids are functional, i.e., have 
transcription activating properties characteristic of 
thyroid receptor proteins. 

Plasmids pe4 and pHKA relate to cDNA's which 
encode an estrogen related receptor referred to herein 
as hERJU. is&s. Experimental Section V, especially Fig. 
V-1, parts A and B.) Plasmid pE4 carries the cDNA 
segment referred to in Pig. v-l(A) as lambda hKE4; pHKA 
carries the segment referred to in that same figure as 
lambda hKAl. Both pE4 and_rphKAl have been deposited 
with the ATCC for patent purposes. The two plasmids 
can be joined as follows to produce a single plasmid 
(pGMERRl) which contains the entire coding sequence for 
estrogen related receptor hERRl. 

The preferred procedure for joining the two 
cDNA clones pE4 and pHKA makes use of a synthetic 
linker which is complementary at each end for a 
specific restriction enzyme site present in each cDNA. 
More specifically, the inserts from lambda hKAl and 
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lambda hKE4 are cloned as £caRI fragments into the 
plasmld vector pGM3 (Promega Biotec) ; we named them 
pGMKA and pGMKE, respectively. Next, pGMKA is cut by 
Uatl and fliadlll and the fragment encoding hERlU is 

5 purified from agarose gel (fragment 1). pGMKE is cut 
by nrai il and flladlll and the fragment encoding the 5* 
end region of BERRl and the vector sequences is 
purified from agarose gel (fragment 2) . Thirdly, two 
synthetic oligonucleotides complementary to each other 

10 are synthesized. The oligonucleotides are as follows: 
Oligo I> 

GTGCCTGGTGCGGTGGGAGGAAAACCAGAGTGTXTGCTACAAGCAGCCGGCGGG; 
Oligo II: 

CGCCCGCCGGCTGCTTGTAGCATACACTCTGGTITTCCTCCCACCGCACCAGGC- 
15 ACTTT. Finally, Fragment 1 and 2 and Oligo I and II 
are ligated to each others according to standard 
methods known well to those skilled in the art, and 
then transformed into the bacterial stain DBS. The 
resulting colonies are screened for the DNA construct 
20 referred to herein as pGMERRl. Plasmid pGMERRl can be 
used to express hERRl. Sfts, Fig. 1-6 (A) for a schematic 
drawing of pGNERRl. 

Plasmid phH3 relates to clone lambda hH3 which 
was isolated from a human heart lambda gtll cDNA 
25 library using a nick-translated 700-bp ficaRl-Soal 

fragment representing the 5' portion of lambda hKAl. 
(Clones lambda hKE4 and lambda hKAl were isolated from 
a human kidney lambda gtlC cDNA library; a&si 
Experimental Section v., H., especially the subsections 
30 labeled as Figure V-1 and Figure V-2 Methods.) Clone 
lambda hH3 carries cONA which codes for an estrogen 
related receptor referred to herein as hERR2. The cDMA 
from phH3 can be inserted into pGM3 to create pGMERR2, 
a drawing of which is shown in Fig. 1-6 (B). The 
35 functional and structural characteristics of 
receptor-like polypeptides hERRl and hERR2 are 
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dlsclo and discussed in Experime^Hl Section V. 

One of the added di. ''veries we have made 
employing the DNA's of the invention is the reniarlcable 
sequence homology among the various hormone receptors, 
5 within one species, and, for any particular receptor, 
among species. (5ftft for example. Pig, III-2 which 
compares the carboxy-terminal portions of the v-fiiii-A 
oncogene product, the human placental ctih'h 
polypeptide, and the human glucocorticoid and estrogen 
receptorsi Pig. ui-6 which compares the steroid and 
thyroid hormone receptorsi Pig. lv-3 which compares the 
amino acid homology between miner alocorticoid receptor 
and glucocorticoid receptor; Pig. IV-8 which shows the 
«roino acid comparisons between hGR, hMR, and hPR 
structures; Pig. V-3 which compares the 
carboxy-terminal regions of hERRl, hERR2, the human 
estrogen and human glucocorticoid receptors; and Pig. 
V-5 which shows the amino acid comparison between 
hERRl, hERR2, hER and human thyroid hormone receptor, 
hT3R beta.) As a result of this homology the ONA's and 
RNA's of the invention can be used to probe for and 
isolate a gene from virtually any species coding for a 
hormone receptor which activates transcription by 
binding to chromatin DNA after complexing with hormone. 
By so using the DMA's and RNA's of the invention, 
especially the preferred DNA's that have been deposited 
with the ATCC for patent purposes, those skilled in the 
art, without undue experimentation, can screen genomic 
libraries to find other glucocorticoid, 
^° mineralocorticoid and thyroid hormone receptors which 
fall within the scope of the present invention. This 
aspect of the invention is illustrated by our discovery 
of estrogen-related receptors hERRl and hERR2 (aaa 
Experimental Section V, especially subsection A., 
Introduction, and subsection B., cONA Clones for 
Receptor hERRl), and rat thyroid receptor and human 
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thyroid receptors TR alpha (acft Experimental Section 
VII, especially subsection C. , Isolation of a Second 
Thyroid Receptor DMA, and Pig. Vll-i, pacts A and a.) 

DNA's and sense strand rna's of the Invention 
can be employed. In conjunction with the induction and 
protein production methods of the invention for 
example, to make large quantities of substantially pure 
receptor proteins, in addition, the substantially pure 
receptor proteins thus produced can be employed, using 
well known techniques, in diagnostic assays to 
determine the presence of specific hormones in various 
body fluids and tissue samples. 

Further, the receptor proteins of the 
invention can be employed in screening for 
receptor-agonists and receptor-antagonists by using 
binding assays such as the one discussed in 
Experimental Section III for binding T3 to the receptor 
encoded by peAlOl, or in the -cis-trans- receptor 
functionality bioassay of the invention, which will be 
20 discussed below. 

Finally, because the receptor proteins of the 
invention can be produced in substantially pure form 
they can be crystallized, and their structure can be 
determined by x-ray diffraction techniques. As will be 

25 apparent to those skilled in the art, such 

determinations are very useful when engineering 
•synthetic- or modified receptor protein analogs. 

In addition to DNA's and RNA's, and the novel 
receptor proteins produced thereby, the present 

30 invention discloses three general methodst one relates 
to a bioassay for determining the functionality of 
receptor proteins, the other two relate methods for 
inducing and controlling expression of genes whose 
transcription is activated by a hormone-receptor 

35 complex bound to chromatin DNA. Each of the three 
general methods will be discussed separately. 
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The new bioassay system for testing ceceptor 
functionality, which we eefet -i as the -cis-trans" 
bioassay system, utilizes two plasraids: an "expcession" 
plasroid and a •reporter" plasmid. According to the 
^ invention, the expression plasmid can be any plasmid 
capable of expressing a receptor DNA of the invention, 
or a mutant thereof, in a suitable receptor-negative 
host cell. Also according to the invention, the 
reporter plasmid can be any plasmid which contains an 
^° operative hormone responsive promoter/enhancer element, 
functionally linked to an operative reporter gene. (S.<ife 
the Definitions section of this Specification for an 
explanation of the terms used herein.) The plasmids 
pGMCAT and pGHCAT are examples of reporter plasmids 
wh.'ch contain an operative hormone responsive 
promoter/enhancer element functionally linked to an 
operative reporter gene, and can therefore be used in 
the receptor functionality bioassay of the invention. 
In pGMCAT, the operative hormone responsive 
promoter/enhancer element is the MTV LTR; in pGHCAT it 
is functional portion of the growth hormone receptor. 
In both pGMCAT and GHCAT the operative reporter gene is 
the bacterial gene for chloramphenicol 
acetyltransf erase (CAT) . 

In practicing the "cis-trans" receptor 
functionality bioassay of the invention, the expression 
plasmid and the reporter plasmid are cotransf ected into 
suitable receptor-negative host cells. The transf ected 
host cells are then culture'^ in the presence and 
^° absence of a hormone, or analog thereof, able to 
activate the hormone responsive promoter/enhancer 
element of the reporter plasmid. Next the transfected 
and cultured host cells are monitored for induction 
(i.e., the presence) of the product of the reporter 
gene sequence. Pinallyr according to the invention, 
tht expression and/or steroid binding-capacity of the 
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hormone receptor protein, or mutant thereof (coded for 
by the receptor DNA sequence on the expression plasmid 
and produced in the transfected and cultured host 
cells) , is measured, (^ea Pig. II-l for a schematic 
5 drawing of this •cis-trans- bioassay system.) 

When using the •cis-trans* receptor 
functionality bioassay system of the invention to 
determine the functionality of glucocorticoid or 
raineralocorticoid receptors, in preferred forms, 
10 plasmids will carry a selectable marker such as the aoa 
gene. In addition, in preferred forms the reporter 
plasmids will have the nTV LTR or a functional portion 
of the growth hormone promoter as the hormone 
recponsive promoter/enhancer element. MTV LTV is 
15 preferred because it is known that glucocorticoid 

hormones stimulate the rate of transcription of MTV DNA 
by increasing the efficiency of transcription 
initiation at a unique site within the MTV LTR. 
Moreover, glucocortitoid receptors bind specifically to 
^0 DNA sequences mapped within the MTV LTR, and thus can 
confer glucocorticoid responsiveness to a heterologous 
promoter. [S&A Experimental Section II, especially 
subsection C. (a) , Assay System and Experimental 
Design.) it is also known that miner alocorticoid 
25 receptor shows functional kinship with the 

glucocorticoid receptor, and that the DNA binding 
domain of hMR recognizes the MTV LTR. f SeA 
Experimental Section IV, Especially subsection E.: 
Expression and Hormone Binding, and subsection P.: 
30 Transcriptional Activation) . Growth hormone promoter 
is preferred because its activation is responsive to 
binding by thyroid hormone-receptor complex. 

Preferred host cells for use with the 
■cis-trans- bioassay system of the invention are COS 
35 cells and CV-1 cells. Experimental Section II, 

subsection C. (a) Assay System and Experimental Design, 
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for use of the preferred host ^ells in the bioassay 
system of the present invention.) COS-1 (referred to 
as COS) cells are mouse kidney cells that express SV40 
T antigen (Tag); CV-1 do not express SV40 Tag. CV-1 
^ cell are convenient because they lack any endogenous 
glucocorticoid or mineralocorticoid or other known 
steroid or thyroid hormone receptors. Thus» via gene 
transfer with appropriate expression vectors, it is 
possible to convert these host cells from receptor 
negative to receptor positive. The presence of Tag in 
the COS-1 derivative lines allows the introduced 
expression plasmid to replicate and provides a relative 
increase in the amount of receptor produced during the 

assay period. 

Expression plasnids containing the SV40 origin 
of replication (ori) can propagate to high copy number 
in any host cell which expresses SV40 Tag. Thus our 
expression plasmids carrying the SV40 "ori" can 
replicate in COS cells, but not in CV-1 cells. Although 
the increased expression afforded by high copy number 
is desired, it is not critical to the disclosed 
bioassay system. The use of any particular cell line 
as a "host" is also not critical. The expression 
vectors are so efficient that, in our hands, the assay 
has worked in all the hosts we have examined. CV-1 
cells are preferred only because they are particularly 
convenient foe gene transfer studies and provide a 
sensitive and well-described host cell system. 

The "cis-trans" bioassay system is especially 
useful for determining whether a receptor DNA of the 
invention has been expressed in a transformed host 
cell; it is also useful in determining whether a 
receptor of the invention has at least about 10% of the 
binding activity of the corresponding naturally 
occurring cognate receptor, plus whether such a 
receptor has at least about 10% of the 
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transcription-activating activity of the corresponding 
naturally occurring cognate receptor. 

Pig. II-l schematically illustrates use of the 
•cis-trans" receptor functionality bioassay system of 
5 the invention when used to determine the functionality 
of receptor polypeptides coded for by hGR cDNA. Details 
of the bioassay, and its effectiveness as a 
quantifiable bioassay system to test receptor 
functionality, are disclosed and discussed in 
10 Experimental Section ll. especially, subsection 

P., Experimental Procedures, and subsection C. , (b) , 
Expression of Functional hGR.) As that experimental 
section shows, in addition to the CAT enzymatic assay, 
which can be used to show activation of the hormone 
15 responsive promoter/enhancer element. Western blot 

analysis of the transfected host cells can be used to 
demonstrate synthesis of receptor polypeptides which 
are indistinguishable with respect to mobility from the 
cognate receptors used as controls. Moreover, by using 
20 the "cis-trans" bioassay system of the invention, 
activation of the receptors (produced in the 
transfected and cultured host cells) by specific 
hormones can also be examined, as can their 
hormone-binding capabilities and characteristics. As 
25 Experimental Section il demonstrates, when this was 
done for hER, it was shown that the hGR of the 
invention is functional and.binds with glucocorticoid 
hormones with the same specificity and concentrations 
as does the cognate receptor. 
30 Finally, as stated in the Summary section, by 

using the DNA's of the invention we have discovered 
that a necessary and sufficient condition for 
activation of transcription of a gene (G) , whose 
transcription is activated by hormones complexed with 
35 receptors, is the presence of the hormone and its 

receptor in the cell (C) where (G) is located. (The 
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method by vnich hormone (H) anr^ receptor (R) effect 
gene G*s transcription is not fuliy understood. 
However, it is believed that receptor (R) # when 
complexed with hormone (H) , binds to specific ONA 
sites, referred to in the art as "transcriptional 
control elements" or *DNA sequences which mediate 
tiariscriptional stimulation", which are located on the 
chromatin near where gene (G) is located. This binding 
by the hormone/receptor, or (B}/(R), complex seems to 
act in a way not yet understood, as a hormone dependent 
"switch" that "turns on", or in some other manner 
activates, the promoter for gene (G) , and thus 
stimulates the transcription of the (G) gene.) 

Our discovery has enabled us to provide 
improved compositions and methods for producing desired 
proteins in genetically engineered cells. Two of these 
methods are methods of the present invention. The 
first is a method for inducing transcription of a gene 
whose transcription is activated by hormones complex^rd 
the receptors. The second is a method for engineering 
a cell and then increasing and controlling production 
of a protein encoded by a gene whose transcription is 
activated by hormones complexed with receptor proteins. 

Again, in discussing these two methodsr a gene 
whose transcription is activated by hormones complexed 
with receptor proteins will be referred to as gene (G) • 
The hormone which activates gene (G) will be referred 
to as (B) , and any of its analogs as (aH) . Receptor 
protein will be referred to a^ (R) , and functional 
modifications thereof as (r). Finally, the cell where 
gene (G) is located will be referred to as (C) , and the 
protein coded for by gene (G) will be referred to as 
(P). 

According to the gene induction method of the 
invention, cell (C), which contains gene (G) , is 
transformed by a DNA of the invention, which is capable 
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^ Of being expressed in cell (C) and whic: -:odes fTr 
1 "emptor (R) or a modified functional form (r) thereof; 
^ and the concentration of hormone (U) , or analog (aH) , 
"5 ^" ^* increased to a level at least sufficient 

to assure induction of expression of gene (G) . 
I As we show in Experimental Section II, when we 

used the induction method of the invention, to our 
-6 great surprise, the presence of (H) and (R) in the cell 
(C) where gene (G) was located not only induced 
transcription of gene (C) but also Increased production 
_^ of protein (P) 500-1000 fold. This finding showed us 
that the induction method can be used to not only 
induce transcription, but to increase and control it as 
.15 "^^^^ finding also led us to develop our method 

for engineering a cell and then controlling production 
proteins (P) coded for by genes (G) whose transcription 
f is activated by hormones complexed with receptors. This 
• method will be discussed more fully below. 
20 induction method can also be used to 

increase and control production of protein (P) by 
simply adjusting the concentration of hormone (H) , or 
analog (aH) , available to cell (C) . (As those skilled 
in the art will understand, by transforming cell (C) 
2^ with a DNA of the invention, an adequate supply of (R) 
or (r) can be assured in cell (C) so that lack of (R) 
or (r) will no longer be a limiting factor in the 
transcription of gene (G) . This being the case, by 
simply Increasing the amount of (H) or (aH) in the 
2g culture solution, it will be possible ^o Increase 

transcription of gene (G) and consequently the amount 
of protein (P) that Is produced in (C) cells.) 

The induction method of our invention can be 
used to induce expression of any gene (G) that is under 
transcriptional control of a transcriptional control 
element activated by binding of a steroid or thyroid 
hormone receptor complexed with one of its hormones 
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(H), or analogs (aH) thereof, f long as: (1), a DNA is 
available which codes for receptor (R) , or a functional 
modified form (r) thereof which has the 
transcription-activating properties of (R) ; (2), cell 
^ (C) is a cell that can be cultured; and (3) r cell (C) 
can be transformed to express the (R)- or (r) -coding 
DNA needed to complex with hormone (H) or analog (aH) . 

Without undue experimentation those skilled in 
the art can use any of the deposited DNA's of the 
invention as probes to search genomic libraries for 
(R)- or (r) -coding DNA's which are not now available. 
Once found, these DNA's, if expressible in the cell (C) 
where gene (G) is located, can be used to transform (C) 
cells. Methods for transforming cultured cells are 
well krown and can be used by those skilled in the are 
without undue experimentation. Also without undue 
experimentation, those skilled in the art can determine 
what the base level of (H) is in cell (C) , if any is 
present, as well as what the concentration of (H) or 
(aB) must be in order to induce and control 
transcription of gene (G) , and thus production of 
protein (P) . The requisite concentrations of (H) can 
be supplied to transformed (C) cells by add;.ng (H) or 
(aH) to the culture solutions used to bath cultured (C) 
cells. 

We have taught that a necessary and sufficient 
condition for transcription of gene (G) is the presence 
of (H) or (aH) and (R) or (r) in the cell (C) where 
gene (G) is located, and that transcription of gene 
(G) , and therefore production of protein (P) , can be 
. induced and controlled by simply increasing the amount 
of (H) or (aH) in the culture solutions used to bath 
transformed (C) cells. As those skilled in the art 
will appreciate, based on these teachings, it will now 
be possible to engineer cells so that production of a 
protein (P) , encoded by a gene (G) whose transcription 
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is activ^ld by a hocmone/tecc- tor co^Rex, is 
controlled by simply assuring the presence of hormone 
(H) and its receptor in cell (C) where gene (G) is 
located, and then controlling the concentration of 
hormone (H) or its analog that is present in cell (C) . 
This concept is the basis for the cell engineering and 
protein production method of our invention. 

According to our engineered cell and protein 
, production method} (1), cell (C) is engineered to 
contain gene (G) so that transcription of gene (G) is 
under the control of a transcriptional control element 
to which an appropriate hormone/receptor » (H)/(R), 
complex can bind, thereby activating transcription of 
gene (G) ; (2) , cell (C) , which now contains gene (G) 
under the control o£ a transcriptional control element, 
is transformed by a DNA of the invention, which is 
capable of being expressed in cell (C) and which codes 
for receptor (R) or a modified functional form (r) 
thereof; and (3), finally the concentration of hormone 
(H), or analog thereof, in cell (C) is adjusted so that 
the transcription of gene (G) is not only induced but 
effectively increased and controlled by increasing 
controlling the amount of hormone (B) that is available 
to cell (C) from the culture solution used to bath 
transformed (C) cells. By so increasing and 
controlling gene (G) 's transcription, production of 
protein (P) is also increased and controlled. 

As with the induction method, in our 
engineered cell and protein i>r eduction method, both 
hormone (B) and receptor (R) are present in cell (C) . 
Again, as with the induction method, the presence of 
receptor (R) , or a functional modified form (r) thereof 
is assured by transforming cell (C) with a {R}- or 
(r) -coding DNA of the present invention. As stated 
above, methods for transforming cultured cells are well 
known and can be used by those skilled in the art 
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without IBBue experimentation. The pWsence o£ (H) , oc 
its analog (au) , is assured, auw the concentration of 
(H) or (aH) is controlled, by simply bathing 
transformed (C) cells in bathing solutions which 
contain appropriate concentrations of (H) or (aB) . 
Appropriate concentration, i.e., concentrations of (H) 
or (aB) needed to for cell (C) to produce a given 
amount of protein (P) can be determined in a given 
situation by those skilled in the art, without undue 
experimentation. 

Again, as those skilled in the art will 
understand, by transforming cell (C) with a DNA of the 
invention, an adsquate supply of (R) or (r) can be 
assured in cell (C) so that lack of (R) or (r) will no 
longer be a limiting factor in the transcription of 
gene (G) . This being the case, by simply increasing 
the amount of (H) or (aH) in the culture solution, it 
will be possible to increase the amount of protein (P) 
that is produced in (C) cells. 

As was true with our induction method, the 
engineered cell and protein production method of our 
invention can be used to control expression of any gene 
(G) that can be inserted into cell (C) so that it is 
under transcriptional control of a transcriptional 
control element activated by binding of a steroid or 
thyroid hormone receptor (R) complexed with one of its 
hormones (H)), or analogs thereof, as long ast (1), a 
DNA is available which codes to receptor (R) , or a 
functional modified form (r). thereof which has the 
transcription-activating properties of (R) ; (2), cell 
(C) is a cell that can be cultured; and (3), the (R)- 
or (r) -coding DNA is capable of being expressed in cell 
(C) where gene (G) is located. 

Again, without undue experimentation, those 
skilled in the art can use any of the deposited DNA's 
of the invention as probes to search genomic libraries 
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foe (R)- oc (r) -coding DNA sequences not now available. 
Once found, these DNA'Sr if expressible in cell (C) 
where gene (G) is located, can be used in the 
engineered protein production method of the present 

' invention. 

Also without undue experimentation, those 
sKilled in the art can determine what the base level of 
(H) is in cell (C) , if any is present, as well as what 
the concentration of (H) or (aH) must be in order to 

"■^ induce and control transcription of gene (G) , and thus 
production of protein (P) . The requisite concentration 
of (H) needed to assure the production of a desired 
amount of protein (P) can be supplied to transformed 
(C) cells by adding (H) or (aH) to the culture 
solutions used to bath cultured (C) cells. 

Various aspects of the present invention are 
further explained and exemplified in the seven 
experimental sections which follow. Experimental 
Section I relates to human glucocorticoid receptor. 

-'^ More specifically, that section discloses the primary 
structure of hGR cDNA, as well its expression into a 
polypeptide which is functionally indistinguishable 
from previously disclosed hGR proteins. Experimental 
Section II relates to functional domains of hGR. As 
that section discloses, GR contains at least four 
functional domains, two of which were expected and 
correspond to the predicted DNA- and steroid-binding 
domains, and two of which were not expected, and have 
potent effects on transcription. Experimental Section 

30 III relates to thyroid hormone receptor c-&ihrh* As 
that section discloses, c-fijcJtl-A encodes a thyroid 
hormone receptor we now refer to as hTR alpha. Taken 
in conjunction with our unexpected discovery of a 
second thyroid hormone receptor (see Experimental 
35 Section VII), the data disclosed about c-axJi in Section 
III will be extremely useful in gaining further 
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knowledge about thyroid receptor toteins. Experimental 
Section ZV relates to human mineralocorticoid receptor r 
which we show has a structural and functional 
similarity to glucocorticoid receptor. Experimental 
Section V discloses a new and unexpected class o£ 
steroid hormone receptors we refer to as hERRl and 
hERR2. These receptors provide the first evidence for 
the existence of a novel steroid hormone system. In 
conjunction with our disclosure of a new *cis<>trans" 
bioassay system, the new estrogen-related hERRl and 
hERR2 receptors will provide the basis for development 
of an assay system that will systematically lead to the 
identif icati6n of novel hormones. The identification 
of such novel systems is likely to have widespread 
physiologic and clinical significance. In Experimental 
Section VI we disclose some of our data relating to the 
sites in a rat thyroid receptor g* grb -A oligonucleotide 
which we found were necessary for T3 regulation. Such 
knowledge, taken in conjunction with Experimental III 
r^d our disclosure in Experimental Section VII of a new 
. d unexpected thyroid hormone receptor that is linked 
to human chromosome 17# will be useful in 
characterizing the thyroid receptor proteins. 



that one of ordinary skill in the art, can, using the 
preceding description, and the following Experimental 
sections, utilize the present invention to its fullest 
extent. The material disclosed in the experimental 
sections, unless otherwise indicated, is disclosed for 
illustrative purposes and therefore should not be 
construed as being limitive in any way of the appended 
claims. 
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EXPPRTHPNTAr — CTTQH I 
PRIMARr STRUCTURE AND EXPRESSION OP A 
FUNCTIONAL HUMAN GLUCOCORTICOID RECEPTOR cDNA 

S SUMMARY 

Here we report the complete antino-acid 
sequence of the human glucocorticoid receptor (hGR) , 
deduced from human lymphoid and fibroblast cDNA clones. 
The sequence reveals various structural features of the 
10 receptor f including the major immunogenic domain and a 
cysteine/arginine/lysine-rich region which may 
constitute a portion of the ONA-binding domain. We 
describe the use of the SP6 transcription vector system 
to generate analytical amounts of full-length protein r 
15 and demonstrate that the cell-free translated protein 
is bo'wh immunoreactive and possesses steroid-binding 
properties characteristic of the native glucocorticoid 
receptor. Weinberger, et al., (1985b) describes the 
homology of the hGR sequence to that of the oncogene 
20 v-ftjtii-A» 

l^JBL TWTwnnncTTnM 

The glucocorticoid receptor is widely 
distributed and expressed in many cultured cell lines, 
and the control of gene expression by glucocorticoids , 

25 therefore, has been widely studied as a model for 
transcriptional regulation. A number of 
glucocorticoid-responsive transcription units, 
including mouse mammary tumor virus (MMTV) (Ringold, et 
al., 1975; Parks, et al., 1974), mouse and human 

30 metallothionein (Hager, et al., 1981; Karin, et al., 
1980), rat alpha2M-globulin (Kurtz, et al., 1977) and 
rat and human growth hormone (Spindler, et al., 1982; 
Evans, et al., 1982; Robins, et al., 1982) genes have 
been identified. DNA sequences mediating 

35 transcriptional stimulation of several of these genes 
have been localized. For MMTV, these sequences are 
discrete genomic regions upstream of the 
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transcsiptional start site w. ^ch appear to exert their 
actions independently of orientation and position 
(Chandler, et al., 1983; Ostrowskir et al.r 1984) • The 
g steroid/receptor complex appears to bind to these 
regulatory sequences and purified receptor has been 
used to define the specific binding sites (Govinda^ et 
alw 1982; Scheidereit, et al., 1983; Pfahlr 1982; 
Payvar, et al.r 1983}. Based on the footprinting 
analyses of several responsive genesr a consensus DNA 
binding sequence sharing the core sequence 5* TGT/CTCT 
3* has been proposed (Karin^ et al*, 1984). 



element (GRE) to alter its position and orientation yet 
still maintain promoter inducibility suggests that it 
resembles the class of £la-acting regulatory sequences 
termed enhancers (Chandlerr et al.f 1983). First 
discovered in viruses and subsequently in cellular 
geneSr these sequences are necessary for efficient 

2Q transcription in ^lLlq (Laimonls# et al., 1982; Benoist^ 
et al.f 1981; Baerji# et al.^ 1983). It has been 
suggested that enhancers are recognized by lxaLaa*"acting 
factors that mediate regulatory effects by 
tissue-specific transcriptional control. Although the 

25 enhancer factors have not been well characterized, the 
glucocorticoid receptor may serve as a paradigm for 
these putative gene activator proteins. 



glucocorticoid analogues- such as dexamethasone and 
3Q triamcinolone acetonide has led to the development of 
purification strategies resulting in the isolation of 
nearly pure rat and human receptors (Simonsr et al., 
1981; Gehring, et al., 1983} • Although the receptor 
migrates as a dimer in sucrose gradients^ analysis on 
32 denaturing SDS-polyacrylamide gels detects a single 
polypeptide of relative molecular mass (Mt)*94,000 
(94K) (Wcstpahl, et al., 1982; Wrange, et al., 1979). 



The ability of the glucocorticoid-responsive 



The availability of radiolabeled high-affinity 
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The native polypeptide contain' intrinsic specificity 
for ateroid binding and ONA sequence recognition. By 
using as probes monoclonal and polyclonal antibodies 
5 raised against the purified tat and human receptors 
(Okret, et al., 1981, Harmon, et al., 1984; Gametchu, 
et al., 1984), it has been possible to identify a major 
immunogenic region in the receptor residing on a 
portion of the molecule that is distinct from the 
10 steroid- and DNA-binding regions (Carlstedt-Duke, et 
al., 1982; Wrange, et al., 1984; Deliweg, et al., 
1982). To gain further information about the structure 
of this molecule and to begin an analysis of the 
molecular mechanisms by which it regulates gene 
15 transcription, we set out to clone receptor cDNA 

sequences. By using receptor-specific antibodies as 
probes, we and others have isolated clones containing 
human or rat glucocorticoid receptor cDNA inserts 
(Weinberger, et al., 1985a; Miesfeld, et al., 1984). 
20 I. c. RPgm.Tg 

rai GLnrnrnRTTPnTn pecpptop nnyift 

A library of cDNA clones was constructed in 
the phage expression vector lambda gtll using poly (A) + 
RNA from the human lymphoid cell line IM-9 as template, 

25 as described previously (Weinberger, et al., 198Sa) . 
This library was initially screened with a rabbit 
polyclonal antiserum to the purified glucocorticoid 
receptor, resulting in the isolation of several 
immunopositive candidate clones from "2.5 x 105 

30 plaques. The beta-galactosidase fusion proteins 
generated from these clones were used to 
affinity-purify receptor epi tope-specif ic antibody, 
which was subsequently recovered and identified by 
binding to protein blots of cellular extracts. Three 

35 clones containing inserts expressing antigenic 

determinants of the human glucocorticoid receptor were 
isolated. The inserts of these clones, although of 
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different sizes, cross-hybridized, indicating that they 
contained a conunon sequence which presumably delimits 
the major immunogenic domain of the receptor. Together, 
these clones spanned 1.4 kilobase pairs (kbp) but were 

5 clearly not long enough to code for the entire 
receptor, which was estimated to require "2,500 
nucleotides to encode a polypeptide of 94K. 

To Isolate additional cDNA clones we again 
screened the original library and also examined a 

10 second library (given by H. Okayama) prepared with 
poly (A) + RNA from human fibroblasts in the vector 
described by Okayama and Berg (1983). Using one of the 
immunopositive cDNA inserts (hGRl.2) as probe, 12 
clones were isolated that, together, covered more than 

15 4.0 kbp. The nucleotide sequences of these clones were 
determined by the procedure of Maxam and Gilbert (1977) 
according to the strategy indicated in Fig. I-i(A). 
RMA blot analysis indicated that a cDNA insert of 5-7 
kilobases (kb) would be necessary to obtain a 

20 full-length clone and sequence analysis indicated that 
the overlapping clones 0B7 and hGR5,16 spanned an open 
reading frame of 720 amino acids, not large enough to 
encode the complete receptor. Therefore, a second 
human fibroblast cDNA library of '2 x 106 transf ormants 

25 was screened, yielding a clone (OBIO) containing a 

large insert that extended 150 base pairs (bp) upstream 
of the putative translation- initiation site (see Fig. 
I-l(A)). Sequence analysis predicts two protein forms, 
termed alpha and beta, which diverge at amino acid 727 

30 and contain additional distinct open reading frames of 
50 and 15 amino acids, respectively, at their carboxy 
termini (see Fig. I-l(B)). The alpha form, represented 
by clone 0B7, is the predominant form of glucocorticoid 
receptor because eight cDNA clones isolated from 

35 various libraries contain this sequence. 
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th) CDWA AND PPOTPTN fiRnnPMrPQ 

Figures 1-2(1) and 1-2(2) show the 4,800- 
nudeotide sequence encoding the human alpha glucocor- 
ticoid receptor, determined using clones hGRl.2, 
hGR5.16, 0B7 and OBIO. The translation initiation site 
was assigned to the methionine codon corresponding to 
nucleotides 133-135 because this is the first ATG trip- 
let that appears downstream from the in-frame termina- 
tor TGA (nucleotides 121-123). However, in the absence 
of amino-terminal peptide sequence information, une- 
quivocal determination of the initiation site is not 
yet possible. The codon specifying the lysine at 
position 777 is followed by the translation termination 
codon TGA. The remainder of the coding sequence is 
covered by multiple overlapping clones, with 0B7 
containing a 4.3-kb insert that continues to the 
poly (A) addition site and OBIO containing the putative 
initiator methionine. The 3' regions of clones 0B7 and 
OBIO diverge at nucleotide 2,314, as shown by both 
restriction endonuclease and uNA sequence analysis. At 
this junction, the alpha-receptor continues with a 
unique sequence encoding an additional 50 amino acids 
whereas the beta-receptoc continues for only 15 
additional amino acids (Pig. 1-3 (B)). The 
3 '-untranslated region of 0B7 is 2,325 nucleotides 
long, while that of OBIO is 1,433 nucleotides. There 
is no significant homology between these two regions, 
as indicated by direct sequence comparison (Figs. 
1-2(1), 1-2(2) and 1-3 (B)) or by hybridization analysis 
under stringent conditions (data not shown) . 

In addition, we have isolated from a human 
primary fibroblast library another cDNA clone, 0B12 
(data not shown) , which contains sequences identical to 
0B7 but uses the polyadenylation signal at nucleotide 
3,101 (Pigs. I-l(B) and 1-2(1) and 1-2(2)), giving rise 
to a shorter 3 '-untranslated region. Use of probes 
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speci7ic~for the 3 '-untranslated region of 0B7 to " 
screen a human placenta cDNA library reveals that most 
clones terminate at the first poly (A) site in 0B7. 
Thusr messenger RNA variation is the apparent conse- 
5 quence of both alternative polyadenylation and alterna- 
tive RNA splicing (see below). The fact that the human 
fibroblast library contained both cDNA's suggests that 
both receptor forms may be present in the same cell. 
ft ,aar.vgTfl O P ETPna- AMD RFTA-RRCEPTOR PRQT EI H 
10 Sequence analysis reveals that the alpha and 

beta forms of the human glucocorticoid receptor are 777 
and 742 residues long, respectively; the two forms are 
identical up to residue 727, after which they diverge. 
To examine the receptor levels in 2lm, cytoplasmic 
IS extracts from several human and mouse cell lines were 
probed by immunoblot analysis with a polyclonal 
antibody directed against the human glucocorticoid 
leceptor (Harmon, 1984). Alpha- and beta-receptor 
CDNA's were inserted into the SP6 transcription vector 
20 to create synthetic mRNA for in xitLQ translation (Pig. 
I-4(A)). The RNA's were separately added to a rabbit 
reticulocyte lysate system and the unlabeled products 
analyzed by SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE). The two RNA's program the synthesis of 
25 distinct translation products whose migration 
differences are consistent with the predicted 
polypeptide lengths of the two forms (Fig. 1-4 (B), 
lanes 2, 3). Cytoplasmic extracts from untreated IM-9 
cells and IM-9 cells treated with 1 microM triamcino- 
30 lone acetonide serve as markers (Pig. I-4(B), lanes 
4,5) for the 94K receptor (the 79K form represents a 
putative receptor degradation product) (Wrange, et al., 
1984) . Note that after steroid treatment, the intensity 
of the 94K band is reduced, corresponding to tighter 
35 ceceptor/chromatin binding and, therefore, receptor 
translocation to the nucleus. The alpha form 
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co-migcates with the 94K band of the negative receptor 
while the beta form migrates more rapidly (see Pig. 
I-4(B), compare lanes 2,3 with lanes 4,5). a 
^ comparison of cytoplasmic extracts from various human 
and mouse cell lines reveals the presence of only the 
alpha-receptor (see Pig. 1-4 (B), lanes 6-9). 
Interestingly, the mouse ADR6 lymphoma cell line 
(Danielsen, et al., 1984), selected for resistance to 
steroid-induced lysis, contains no steroid-binding 
activity and shows no immunoreactive receptor (see Pig. 
I-4(B), lane 7),. Ther':fore, based on characterization 
of multiple receptor cSNA clones and receptor protein 
by imirunoblot analysis, we conclude that the 
predominant physiological form of the glucocorticoid 
receptor is the alpha (94K) species. 

fdl RXPRRSSTOM np hrtg TW VYTT^p 

To provide additional evidence that the cloned 
receptor is functional, we investigated the possibility 
that the In v i trq -translated products might be able to 
selectively bind corticosteroids. Accordingly, the 
rabbit reticulocyte lysate was incubated with the 
radiolabeled synthetic glucocorticoid analogue 
^H-triamcinolone acetonide (3h-TA) before or after 
addition of ±r ^iitra-synthesized alpha or beta hGR rna. 
As Shown in Pig. 1-5, those lysates programmed with 
alpha-hGR RNA acquired selective steroid-binding 
capacity; unexpectedly, the beta-receptor synthesized 
in iiltxa failed to bind competable 3h-ta. The in 
Jtlttfl-synthesized alpha-hGR bound radiolabeled steroid 
which could be competed with by addition of excess 
unlabeled Cortisol or dexamethasone; however, binding 
of 3H-TA was not effectively competed with by addition 
of excess unlabeled oestrogen or testosterone. In 
contrast, excess progesterone constituted an effective 
competitor, consistent with the previously reported 
anti-glucocorticoid activities of ptogesterone 
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(Rousseau, et al.,. 1972). To confirm these results, 
the competition experiments were repeated with native 
glucocorticoid receptor prepared from extracts of human 
lymphoid cells. Both the in jtitcii-translated receptor 
5 and the natural in vivo receptor have nearly identical 
properties with regard to steroid binding and 
competition with excess unlabeled steroid analogue (see 
Fig. 1-5). 

fp) hr.P gPntlEN rPg map to at T.EA55T TWO GENES 

10 The human glucocorticoid receptor gene has 

been functionally mapped to chromosome 5. Analysis of 
somatic cell hybrids constructed by fusing 
receptor-deficient mouse T cells (EL4) with human 
receptor-containing T cells (CE.1-C7) indicated that 
15 segregants expressing the wild-type CSM-C7 receptor 
maintained human chromosome 5 while 
dexamethasone-resistant segregants had lost this 
chromosome (Gehring, et al.» 1985). 

To confirm the authenticity of our cDNA 
20 clones, we mapped receptor cDNA sequences using Chinese 
hamster/human somatic cell hybrids containing only 
human chromosome 5 (HHW454) . DNA's extracted from 
human placenta, HHW454 hybrid cells and Chinese hamster 
ovary (CHO) cells were digested with ficflRI or fliadlll 
25 restriction endonucleases and separated on a 0.8% 
agarose gel. DNA fr?gmentSrtransf erred to 
nitrocellulose were probed with a portion of the 
receptor-coding region derived from nucleotides 
570-1,640 (See hGRl.2 in Fig. I-l(A)). In addition to 
30 CHO-specific ZooRl bands of 6.8 and 17 kbp, DNA from 

the hybrid cell line also contains human-specific bands 
of 3.0 and 5.0 kbp (see Pig. 6a, lanes 2, 3 of 
Hollenberg, et al., 1985). (The study disclosed herein 
as Experimental Section I was published as Hollenberg, 
35 et al., 1985. Figures 6 and 7 appear in the paper but 
not in the present specification.) Unexpectedly, a DNA 
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fragment of 9.5 kbp is found in otal human DNA but not 
in the hybrid line (see Hollenberg, et al., 1985, Fig. 
6a, lane 1). Similarly, flindlll digestion revealed a 
g 7.5 bkp band that is not present in the chromosome 5 
hybrid cell DNA (see Hollenberg, et al., 1985, Fig. 6a, 
lane 4). These results indicate that the receptor cDNA 
maps to human chromosome 5, but that there are 
additional receptor-related sequences elsewhere in the 
genome. To map these sequences, we used a dual-laser 
fluorescence-activated cell sorter (FACS) to sort 
mitotic chromosome suspensions stained with 
DlPI/chromomycin in conjunction with Hoechst 33258 
chromomycin; this technique allows separation of the 24 
human chromosome types into 22 fractions (Lebo, et al., 
1984). After the chromosomes were sorted directly onto 
nitrocellulose, the chromosomal DNA was denatured and 
hybridized to the hGR cDNA probe. In addition to 
confirming the chromosome 5 localization, additional 
sequences were found on chromosome 16 (see Hollenberg, 
et al., 1985, Fig. 6b). To confirm this localization, 
DNA's from mouse erythroleukaemia cells and a mouse 
erythroleukaemia cell line containing human chromosome 
16 (see Bode, et al., 1981) were digested with flladlll 
and probed with hGR cDNA (see Hollenberg, et al., 1985, 
Fig. 6c) I as predicted, the only DNA fragment found in 
the hybrid and not in the control was the 7.5-kbp DNA 
fragment, thus establishing the chromosome 16 
assignment (see Hollenberg, et-al.. Pig. 6c, lanes 1, 
2). 

Additional Southern blot analyses using the 
£CftRI-^I fragments from 0B7 and OBIO 3 '-untranslated 
regions revealed hybridization only to chromosome 5 
(data not shown). We conclude that both the alpha- and 
bewa-receptor cDNA's are probably encoded by a single 
gene on chromosome 5 and suggest that the two cDNA 
forms are generated by alternative splicing. In 
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addition, we conclude th-t ...-.her gene resioing on 
human chromosome 16 contains homology to the 
glucocorticoid receptor gene, at least between 
, nucleotides 570 and 1,640. It is not clear whether 
these sequences on chromosome 16 represent a related 
steroid receptor gene, a processed gene or P"-<^-^;-' 
or a gene that shares a common domain with the gene for 
the glucocorticoid receptor. Genomic cloning and DNA 
sequencing may provide the answer. 

TO determine the site of the mRNA encoding the 
glucorcorticoid receptor. Northern blot hybridization 
(Bode, et al., 1981) experiments were performed using 
cytoplasmic mRNA isolated from a human fibroblast cell 
line, HT1080. Using the hGRl.2 coding sequence as 
probe, multiple mRNA 's of 5.6, 6.1 and 7.1 Icb were 
detected. Treatment of these cells with 
glucocorticoids for 24 h leads to a 2.3.fold reduction 
in receptor mRNA's, suggesting a potential negative 
20 feedbacK regulation. 

Structural analysis of the glucocorticoid 
receptor is a prerequisite for gaining insight into the 
mechanisms by which this regulatory molecule exerts its 
25 effects on gene transcription. Here, we have presented 
the primary sequence of the human glucocorticoid^ 
receptor deduced from nucleotide sequence analyses of 

cDNA clones. 

Isolation of hGR cDNA's has revealed the 
,0 existence of multiple mRNA's encoding at least two 
forms of the polypeptide. The predicted proteins 
differ at their carboxy termini by the substitution of 
50 amino acids in the case of alpha-hGR and 15 amino 
acids in the case of beta-hGR. The alpha 
glucocorticoid receptor is the major form identified in 
' several human cell lines and cDNA libraries. However, 
a recent report by Northrop, et «1. (1985) 
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Characterizes two forms of the "eceptor in mouse 
lymphoid cells* The relationship of alpha- and 
beta-hGR to the mouse doublet species remains to be 
established. Also, the cellular distribution and 
potential function of beta-hGR are unclear, although it 
is possible that variant receptors are used for 
tissue-specific functions. We are r. w generating 
antisera to synthetic peptides specific for each human 
receptor form to elucidate their tissue-specific 
expression. 



immunopositive phage DNA insert hGR1.2A as probe were 
those containing 3' ends similar to 0B7, except that 
polyadenylation was signaled earlier by the use of an 
AATAAA at nucleotide 3,101. These clones have been 
isolated from both human fibroblast and placental 
libraries (data not shown). Alternative poly (A) site 
selection is a feature of many eukaryotic transcription 
units (Darnell, 1982). In some instances, selection of 
poly (A) sites specifies particular polypeptide products 
(Amara, et al., 1982; Rosenfeld, et al., 1983; Alt, et 
al., 1980; Schwarzbauer , et al., 1983) while in other 
cases, alternative poly(A) site selection produces no 
change in the primary structure of the polypeptide 
(Setzer, et al., 1982) while in other cases, 
alternative poly (A) site selection produces no change 
in the primary structure of the polypeptide (Setzer, et 
al., 1982). The selection of poly (A) sites during 
receptor transcription may (1)^ alter the stability of 
the mRMA in a particular tissue, (2) lead to splicing 
changes, or (3) be random, with no physiological 
consequence. 



here provide direct evidence that the cloned molecule 
encodes the complete glucocorticoid receptor. First, 
the la ^LLtLfl-translated product is identical in size to 



Among the cDNA*8 selected using the 
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the native glucocorticoid receptor and is 
immunologically reactive with receptor-specific 
antiserum. Second^ the ia 3L?XLfl*translated protein 
acts functionally as a glucocorticoid receptor in that 

5 it is capable of selectively binding the synthetic 

glucocorticoid triamcinolone acetonide. This binding 
is specifically competed with by glucocor ticoids/ 
glucocorticoid analogues and progesterone but is not 
competed with by the sex steroids testosterone and 
oestrogen. In this respect^ the in itltxn-translated 
receptor behaves identically to the in vivg receptor 
from human lymphoid cellsr providing the first evidence 
of a function for the cloned molecule. The acquisition 
of steroid-binding properties does not appear to 

.13 require any specific modifications or, if it doesr 
these modifications can occur in the in ^itm 
translation mix. 



information necessary for studying the molecular 
?0 interactions of a eukaryotic transcriptional regulatory 
protein with its target genes. These structural 
studies provide a basis from which the glucocorticoid 
receptor, its gene, and its RNA products can be 
analyzed. Furthermore, the ability to express receptor 
25 in vitrQ provides a novel means by which the 

. consequence of specific in JLitrfl mutagenesis can be 
rapidly tested. Finally, jthe isolation of genes 
responsive to glucocorticoids and specific regulatory 
elements by both mutagenic and protein-binding studies 
30 suggests that this protein can serve as a very useful 
model for analysis of inducible eukaryotic gene 
regulation. 

I. E. DRTAirgn nR<;rRTPTTnM np pinnPFg pppfRRpin 

TQ IN EXPERTMRMTAf. SFlfTTON Y 
35 FiailRR T-1 ;,nH (P) ■ 



The results presented here provide the 



Human glucocorticoid receptor cDNA sequencing 
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Strategy and schematic representation of cDNA clones. 
A, the composite cDNA for the alpha glucocorticoid 
receptor is represented at the top, with noncoding 
^ (lines) and coding (stippled portion) sequences 

indicated. Common 6-nucleotlde restriction enzyme 
sites are shown. Overlapping cDNA Inserts used to 
determine the sequence are shown: arrows beneath the 
regions sequenced show the direction and extent of 
sequencing. The dashed line at the 3' end of OBlO 
indicates divergent sequence. Numbers refer to 
nucleotide positions in OBIO relative to the 5 '-most 
transcribed sequence. B, cDNA's encoding the alpha and 
beta forms of the receptor (0B7 and OBIO, 
respectively). The 5* end of 0B7 (broken lines) is 
contributed by the OBIO clone. Protein-coding 
Information is represented by wide bars; untranslated 
sequences are Indicated by thin bars. Nucleotides and 
amino acids are numbered above and below the coding 
sequence, respectively. Common DNA sequences extend to 
nucleotide 2,313 (amino-acld residue 727), at which 
point the alpha- and beta-receptor forms diverge, with 
the alpha cDNA's (0B12, 0B7) continuing in an open 
reading frame for 150 nucleotides (50 amino acids) and 
the beta cDNA (OBIO) continuing for 45 nucleotides (15 
amino acids; see Fig. 1-3 (B)). Hexanudeotlde signals 
(AATAAA) just upstream of the poly (A) in the clones are 
indicated, with the first hexanucleotlde in 0B7 serving 
as poly (A) in 0B12. 

PTfitTRB T.I fft^ anH (H) MRTHOnS 

The Inserts hGRl.2, hGR2.9 and hGR5.16 were 
Isolated from a lambda gtll IM-9 lymphoid cell cDNA 
library as described previously (Weinberger, et al., 
1985) . Two clones were isolated from cDNA libraries 
constructed by H. Okayama in pco (Okayama, et al., 
1983) using poly (A) + mllNA from GM637 human fibroblasts 
(0B7) and primary human fibroblasts (OBIO). Screening 
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was performed with the hGRl.2-cDNA, radiolabeled by 
nick-translation with 32p-dCTP. Sequences were 
determined by the chemical cleavage method of Maxam and 
Gilbert (1977). 

5 PTrtMRR T-? t^\ »r>A (7) . 

cDNA and predicted protein sequence of human 
glucocorticoid receptor. The complete alpha coding 
sequence and 0B7 3 '-untranslated region are shown, with 
the deduced amino acids given above the long open 
10 reading frame. An upstream in-frame stop codon at 
nucleotides 121-123 and putative additional 
polyadenylation signals in 0B7 are underlined. 
PTOMPf: T-l fA> and fBK 

Restriction map and nucleotide sequence of the 
15 3« end of the human glucocorticoid receptor beta cDNA. 
A, The common 6-nucleotide restriction enzyme sites are 
shown for the 3 '-untranslated region of OHIO. B, The 
cDNA sequence of the b^ta form (OBIO) from nucleotide 
2,281 to 3,820 compared with the protein-coding 
20 information found in the 3 '-terminal coding portion of 
the alpha form (0B7) . Amino acids encoded by each of 
the cONA's are presented above the nucleotide 
sequences. Putative polyadenylation signals (AATAAA) 
in the 3 '-untranslated sequence of OBIO are underlined. 
25 PTfiMRR T-i (A\ and fB) . 

Immunoblot comparison of hGR translated in 
ui fero with iQ vivQ hGR from cell extracts. A, The 
vectors constructed for in ^ra transcription of the 
hGR CDNA sequence. The complete alpha (pGR107) and 
30 beta (pGRlOS) coding sequences were placed under the 
transcriptional control of the SP6 promoter in pGEMl. 
Vector sequences, noncoding cDNA sequences and coding 
sequences are indicated by thin lines, thick bars and 
boxed regions, respectively. The poly (A) tract of '60 
35 nucleotides is indicated by Ap^. Divergent coding 
sequences are indicated by striped and stippled 
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R western blot analysis of in iit^ 
cegions. B, Western dxo Unlabeled 
translation products and cell extracts, 
translation products synthesized in a rabbit 

or witn fractionated on a 7.5% 

PGR107 (alpha, lane 3) were zna^ 

cytoplasmic ««t»et» £to« !»-» Uai>e «l . 
H h 1 .icroH t.i»cln.lo«. actonid. "'^^ 

15 (Weinberger, et al.r 1985). 

ii I n ffti nnil fni fFi'^"""S' ^ ^ 

' „ns«u« an «P»3.1.« «cto. conta nin, 

t.. .ntlr. alph. cCi., '"""^^^ .l!'; « 

20 OBIO 5' codlns IntotMtloi.. 0B7 .a. P""»^^' ' 

—a :r^^^^^^^^^^ 

,el-putUl.d and ln...t«« b.t>...» th. 
.tM. o£ POEHI (F«..9. Biofc) t. yield P«""- 
,0 Pl««id «" coo.tt»ct«i f.o. POBIO by 

the ..soltm, eOHA ins..t Int. tM cot...pondin, .tl.. 

clpped SP. t»n..tlpt. "V""" ^« 
jjl-ll„..ti..d pG<a07 and POBIO., a. «»"«"'* f 
35 and Helton (1984) , -Ith .i«.ltan..». eaPPlnS 

effected by teductl.n of t». OTP c.««.»t..tlo« f... "0 
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to 100 rnicroH And addition of m^GppG (Phacmacia) to 500 
microM. Transcripts vere purified by P60 
chromatography and translated with micrococcal 
nucltast-trsattd rabbit reticulocytt lyaate (PromeQa 
Biottc} in conditions suggested by the manufacturer. 
Preparation of IM-9 cytosoi from steroid-treated cells 
was as described previously (Weinberger # et al*r 1985). 
Size markers are phcsphoryiase B (97K), bovine serum 
albumin [66K) and ovalbumin (45R) • 

Steroid-binding of alpha-hGR translated in 
iLLLLfl. Binding to IM-9 cytosoi extract (stippled bars) 
and to reticulocyte lysate containing SP6-generated 
alpha-hGR RNA (GRIO?; open bars) are shown. Bars 
represent bound ^H-triamcinolone acetonide (TA) 
determined with a lOO-fold excess of various steroid 
competitorsy 100% competition was determined using 
unlabeled TA as competitor. The values represent the 
mean of triplicate determinations^ with error bars 
showing P<0«05. Steroid competitors are dexamethasone 
(Dex), Cortisol (Cort)# progesterone (Prog) i 
testosterone (Test)r and oestradiol (Oest) • 

Binding assays were performed in 100 
microliters containing 10 mM Tris-HCl pH 7»4, 100 mM 
NaCl, 1 mM EDTAr 10 mM sodium molybdatsr 10 
dithiothreitol, ISO mM in^Th (20 CI mmol*^i Amersham) 
and 10 microliters translation mixture or 100 microgram 
fresh lM-9 cytosoi. Unlabeled steroid competitor (IS 
fflicroM) was added as Indicated. After 2 h at O^C^ 
samples were extracted twice for S min. each with 5 
microliter of 50% dextran-coated charcoal to remove 
unbound cteroidi and counted. Uncompeted and fully 
competed values for the alpha glucocorticoid receptor 
(GR107) were 490 and 290 c«p.m«f respectively. 
Reticulocyte lysate translation mixtures without added 
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transecipt oc pcogcamxned with beta^-ceceptoi SP6 ANA 
(CA108) contained no competable ^H-TA binding. 

annTTiQiMf. nnuRE?;, 

5 The scientific study pcesented hece as 

Experimental Section X was published in Hatmfl» 
318t63S-64l (1985). The ti^^^^^ publication contain two 
Figures which are not included in this Experimental 
section. Those figures aret Figure 6$ Chromosome 

10 mapping analysis of hGR cDNA; Figure 7, Northern blot 
analysis of hGR cDNA. 
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FUNCTIONAL DOMAINS OF* THE 
HUMAN GLUCOCORTICOID RECEPTOR 
Hi A, .^liHMA'tX 
Human glucocot ticoid recaptor (hCR) produced 
in CV*1 ceilB via transfection of an hCH expression 
vector functions as a necessary and sufficient factor 
for the transcriptional activation of the MTV-CAT 
fucion gene. The magnitude of the induction (SC0~1000 
fold) reveals that the hGR may. act as a transcriptional 
*6witch'f converting a silent promoter containing a 
glucocorticoid r<*sponse element to an activated state. 
Stimulation of transcription of the MTV-CAT gene fusion 
by hGR is not dependent on transcriptional factors that 
are limiting in CV-1 cells. Characterization of 27 
insertional mutants of the hGR allowed the location of 
at least four functional domains^ two of which 
correspond to the predicted DNA- and steroid-binding 
domains. The other two domains are referred to as tau 
for their potent effects on tranrcription. This raises 
the possibility that other regions in the receptor are 
necessary for full transcriptional activation but are 
not specifically involved in steroid or DNA binding. 
Hi H. TNTRnnilfTTON 
The primary structure of two classes of 
steroid hormone receptors have been elucidated by 
cloning and sequencing of their cONA. As Experimental 
Section 2 discloseSf identification of cONA*s encoding 
the human glucocorticoid receptor (hGR) revealed two 
forms of the protein, of 777 (alpha) and 742 (beta) 
amino acids, which differ at their carboxyl termini. 
(The Experimental Section I disclosure has been 
published as Hollenberg, et al., 198S.) The human 
estrogen receptor is a somewhat smaller protein of 595 
amino acids (Greene, et al., 1986 i Green, et al., 
1986). Amino acid sequence comparisons revealed 
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extensive ce^ions homology not only between the two 
claBses of ceceptocs but alto with the v- grb ^^A oncogene 
product of avian ery thcoblastoBis virus (Weinberger^ et 
5 alw 1985; Greene, et al., 1936; Green, et al., 1986)* 
This supports tne suggestion that steroid receptor 
genes and the C'&ih-h proto-oncogene are derived from a 
common primordial ancestral regulatory gene 
(Weinberger^ et al., 1935). 

10 On the basis of ths amino acid sequence of hGP 

deduced from the cloned cDNA (see Experimental Section 
I), the locations of functionally and immunologically 
important regions of the protein have been proposed 
(Weinberger^ et alw 198S). These include an 

IS immunological domcin located in the amino-*terminal half 
of the protein, a ONA-binding domain that shows 
structural similarities with other ONA-binding 
proteins, and the glucocorticoid-binding site localized 
near the carboxyl terminus of the molecule* However, 

20 the location of each domain Is tentative^ and no domain 
involved in the activation of transcription itself has 
been identified. In this study, we sought to confirm 
the proposed sites of the functional domains within the 
hCA and to find other regions of importance by 

25 introducing amino acid alterations in the hGA protein. 
We first developed a novel expression system in monkey 
kidney cells in which the synthesis of functional hGR 
is directed by the transcription of the cDNA under the 
control of the long terminal repeat (LTR) of the Rous 

30 sarcoma virus (RSV) • The functions of the synthesized 
receptor were monitored by the induction of 
transcription of the mouse mammary tumor virus (MTV) 
LTR as measured by chloramphenicol acetyltransf erase 
(CAT) assays (Gorman, et al.^ 1982a) and steroid 

35 hormone binding. This new expression system allowed us 
to investigate the effect of insertional mutagenesis on 
the various functions of the receptor, which led us to 
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pcopoBe a acre detailed node! of the domain stcuctuce 
of the hGRo Our ctaultflr baaad on tht analyais ot 27 
inaertional mutational confirm the notion that the 

5 glucocorticoid receptor ia composed of discrete 
functional domains (Weinberger # et al«» 1983). In 
addition, they identify additional sequences outside 
the proposed DNA- and steroid-binding domains, which, 
as stated above, we refer to as tau for their potent 

10 effects on transcription. 

tM^ X<i<^XY gygTgM AMn KXPrRIMRNTAL pr.qiGN 

The assay system and strategy used to study 
the expression of functional hGA from the cloned cONA 

15 (See Experimental Section I) is shown in Figure II*-1« 
In these experiments, a glucocorticoid-»responsive 
promoter/enhancer element linked to a reporter gene was 
introduced into a receptor-negative cell. Thus, in 
principle, this construction should be 

20 transcriptionally inactive. For our assay, we chose to 
use the HTV LTR fused to the sequence coding for 
chloramphenicol acetyltransf erase (CAT) (EC2«3.1.2d) • 
It has been demonstrated previously that glucocorticoid 
hormones stimulate the rate of transcription of HTV ONA 

25 (Ringold, et al., 1977) by increasing the efficiency of 
transcription initiation at a unique site within the 
MTV LTR (Ucker, et al«, 1983). Moreover^ 
glucocorticoid receptors bind specifically to ONA 
sequences mapped within the MIV^ LTR (Payvar# et al«, 

30 1983), which can confer glucocorticoid responsiveness 
to a heterologous promoter - (Chandler, et al., 1983). 
Cotransfection of pNTVCAT (or pCHCAT) with a receptor 
expression plasmid provides functional receptors that 
allow induction of CAT activity upon treatment of the 

35 transfected cells with glucocorticoid hormone. In 
addition, biochemical studies such as steroid binding 
activity and Western blot analysis of the expressed 
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ceceptocs can bt ;8Cformed simultaneouaiy . 

Tho expreaiion vector linking the RSV LTR to 
fi!ll length hGR cDNA (pRShGR alpha) was designed to 
obtain high levelB of expression in a wide range of 
host cell types. The vector pRShGR alpha is a 
derivative of pRSVCAT (Gorman, et al.r 19e2b) in which 
the coding sequence of the CAT gene was replaced by the 
hGR CDNA. The origin of replication of SV40 was 
introduced into the vector to allow the recombinant 
plasmid to propagate to high copy numbers in COS-1 
(referred to as COS) monkey kidney cells that express T 
antigen (Tag) (Gluzman, 1981). COS cells and parental 
cell line CV-1 offer the additional advantage of having 
undetectable levels of glucocorticoid receptors 
(unpublished observation and Figures II-2 and 11*3). 
tf.\ PXPPE<;5TnN OP FUNCTIONAL hGR 

The above assay was designed to overcome some 
of the major difficulties encountered in studying the 
mechanisms of action of steroid hormone receptors. 
These difficulties include low intracellular levels of 
receptor, possible heterogeneity of receptors, and lack 
of a quantifiable bioassay system to test receptor 
functions. Accordingly, we first looked at the 
relative amount of hGR that could be made by COS cells 
transfected with pRShGR alpha. Figure 11*2 (right 
lane), a Western blot analysis of transfected COS 
cells, demonstrates that COS cells synthesized an hGR 
polypeptide of 94 kd that is indistinguishable with 
respect to mobility from the hGR present in the IH9 
cell line (left lane). Moreover, the amount of hGR 
present in transiently transfected COS cells is greater 
than the level found in ZN9 cells, which contain 
between 100,000*200,000 receptors per cell (Harmon, et 
al., 1984). This expression system not only provides 
us with cells carrying high intracellular levels of 
hGR, but eliminates the possibility of receptor 
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micro/)eterogeneity / which could inttrfeie in the 
functional study of hQR. 

To test the functional capability of the 
5 expressed hGA as a positive transcriptional factor^ we 
performed CAT assays with cell extracts obtained after 
cotransfection with pMTVCAT and pAShGA alpna* 
Transfection into both COS and the parental CV-1 cells 
was examined. As expectad (Alwine# 1985), the presence 

10 of SV40 Tag in COS cells increased basal activity of 
the MTV LTR (data not shown). Thusr CV-1 cells# which 
do not express the 5V40 Tag^ were used to achieve 
maximal induction. As shown in Figure 11*2 , 
cotransfection of pHTVCAT with a control plasmid does 

IS not generate CAT activity in CV-1 cells. Similarly, 
cotransfection of pNTVCAT and pRShGR alpha does not 
produce any CAT activity* However# treatment of the 
same cotransf ected CV-1 cells with dexamethasone (0£X) 
turns on the transcription of the NTV*CAT fudion gene. 

20 The induction factor is very large (approximately 
500-1000 fold) since basal levels of CAT activity 
produced by pNTVCAT are barely detectible (often zero) 
in CV-1 cells. As a control experiment r we 
cotransfected the beta form of the hCR (see 

25 Experimental Section 1) $ which was shown to be unable 
to bind stet^ids (see Table 2X-1). Figure 
demonstrates that hGR beta is not functional in our 
expression assay. The activation of transcription by 
hCR is also restricted to promoters containing a 

30 glucocorticoid-responsive element* When pMTVCAT was 
substituted for pHTIaCAT^ a plasmid containing the 
regulatory region of tiie human metallothionein la genei 
which is responsive to heavy metals but not to 
glucocorticoids! no induction of CAT activity was 

35 observed after hormonal treatment of the transfected 
CV-1 (data not shown). These results demonstrate that 
in cells the hGR acts as a necessary and sufficient 
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factor that functions as a stccold-dependent 
tcanacriptional switcn. 

Based on this aaaayr the activation of the 
ceceptoic by steroids could be examined. As shown in 

S Figuce 11-4 (A) r DEX exhibits an ED50 value of 3 nM on 
hGR-induced CAT activity, which is in agreement with 
ED50 values observed for DEX (5 nM) in a variety of 
psychological actions. Specificity of hGR action was 
further tested by treating cotr ansf ected CV-1 cells 

iO with 100 nM testosterone, oestradiol, and progesterone. 
These steroids failed to induce CAT activity with the 
exception of progesterone, which stimulated hGR 
function at. a value o£ 1% of the maximal induction 
produced by DEX (data not shown). These results 

15 indicate that transfected CV-1 cells synthesize 

functional hGR that interacts with pharmacological 
Uganda with the specificity and concentrations of the 
natural receptor. 

Studies on specific interaction between 

20 enhancer-containing molecules and cellular components 
have shown that CV-1 cells contain limiting amounts of 
cellular factors required for the function of certain 
viral enhancers (Scholer and Gruss, 1984). In those 
cells, CAT activity generated by transfected pSV2CAT 

25 (Gorman, et al., 1982a) reaches a plateau at 0.3 pmol 
of plasmid per dish. Similarly, if the hGR interacts 
with limiting factors, we should be able to saturate 
the CAT activity induced by ttansfection of increasing 
amounts of pRShGR alpha with a constant quantity of 

30 pMTVCAT. In this experiment, 2 pmol (S micrograms) of 
pMTVCAT DNA was used and increasing amounts of pRShGR 
alp^a DNA were added, together with nonspecific carrier 
DMA, to yield a total of 30 micrograms per dish. Figure 
II-4(B) demonstrates that CAT activity could be 

35 detected when as little as 0.03 pmol (100 ng) of pRShGR 
alpha per dish was transfected and that no plateau in 
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CAT activity waa reached. These data suggest that 
stimulation of transcription of the MTV-CAT fusion gene 
by hCA is not dependent on transcriptional factors that 
ace limiting in CV-1 cells* 
rr> MAPPIMf. np rnMCTTfiNAf, nnMAiM.S IN hGR 

Understanding the fflechanisms by which hGR 
regulates gene transcription ficst required the 
characterization c£ its functional domains. Based on 
limited proteolysis studies of the glucocorticoid 
receptor (Carlsdedt-Duke, 1982; Oellveg, et al.» 1982; 
Wranger et al.^ 1964; Aeichman, et al«, 1964) and on 
the analysis of the primary structure of the hGR (see 
Experimental Section 1) , a model for the structure of 
the receptor has been proposed (Weinberger^ et al.r 
1985). This model identifies three major domains - an 
immunological domain spanning from amino acid 145 to 
280^ a DNA-binding domain extending from amino acids 
421 to 481r and a steroid-binding domain located near 
the carboxyl terminus of the protein. To test this 
model# ve generated 27 site-specific insertional 
mutations in the glucocorticoid receptor coding 
sequence via a linker^scanning approach. These 
genetically engineered mutants were then assayed for 
their ability to stimulate gene transcription and to 
bind steroid hormone. 

To generate linker-insertion mutants of the 
hGR^ the plasmid pRShGR alpha was first linearized by 
partial cleavage using a restriction enzyme that 
cleaves DNA molecules with high frequency. The linear 
form of the plasmid was isolated and a' AAmHZ linker was 
added to restore the open reading frame encoding the 
hGR. The resulting mutants carry three or four 
additional amino acids# which disrupt the wild-type 
sequence of the protein. Using this technique^ we have 
generated a random series of hGR mutants (Figure IX-5) • 
The ability of these mutants to express full-*length hGR 
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was estimated by Western blot analysis. The amounts of 
hGR produced were shown not to vary by more than 30%, 
a«td thus none of the mutants appear to destabilize the 
expressed protein. 

The functional properties of each mutant are 
compared with thft of the wild-type hGR in Table Il-l. 
CAT activity induced by 12 out of 27 hGR mutants was 
comparable with wild-type level. Analysis of the IS 
hCR mutants having a diminished or a complete loss of 
function, as assayed by induction of CAT activity, 
shows that they belong to four separate groups. A 
cluster of these mutants located between amino acids 
120 and 215 in the so-called immunogenic domain forms 
the first group. Although no specific function has 
been assigned to this region of the receptor molecule, 
three mutants (1120, I204r and X214) show decreased 
capacity to induce CAT activity. Those mutants 
retained their full ability to bind steroids. 

Perhaps not surprisingly* the second group of 
defective mutants is found In the putaive ONA-bindlng 
domain of the receptor. This domain la cystelne-rlch 
and consists of two repeat units of about 25 amino 
acids each, which could fold Into a loop atructure 
25 coordinated by a 2n2* llgand (Miller, et al., 1985). In 
mutant 1422, the sequence motif Cys-X2-Cy8 Is changed 
to Cys-Xs-Cys. The presence of the additional amino 
acids completely abolishes recejrtor function. Mutant 
1440 bears a similar Insertion of four amino acids 
between the two other cysteines involved in the 
formation of the first loop and also fails to Induce 
any detectable level of CAT activity. On the other 
hand, mutant 1428 extends the length of the loop 
itself, from 13 to 17 amino acids. Although severely 
diminished. Induction of CAT activity by 14 28 Is still 
measurable. Sterold-blndlng capacity of all three 
mutants located in the DNA-blndlng domain was shown to 
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be in the range o£ wild-type level. The third region 
affected by the mutations is located next to the 
ONA-binding domain, r'utants 1488 and 1490 show low 
levels of CAT activity but bind steroid effici-ntly. 
The fourth group covers the last 200 anino acids of the 
receptor protein, five fflutsnts (IS82> 1589, 1599, 
1626, and X696) show undetectable levels of CAT 
activity. This lacn of functional activity is 
correlated with their total incapacity to binJ 
dexamethasone. These results show that the 
steroid-binding region encompasses a large portion of 
the protein, all clustered near the C terminus. In 
contrast to the anino terminus of the molecule, this 
region is extremely sensitive to changes in the primary 
structure of the receptor. 

IA\ TART.R TI-I 

PHwr»4ftnii1 Prr.pi.rf < »>! af hCR Mufcantfl 

Inserted CAT OEX 
uminn AfiAn hrHvitv (\) Binding f^) 
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RIRA 

CSV 

RGSA 

RIR 

RGSA 

AOPR 

RIR 

AOPR 

AOPR 

RIR 

AOPR 

AOPR 

CSV 

RIRA 

AOPR 



100 
117 
95 
130 
2 
3 
2 
97 
-123 
86 
19 
101 
114 
53 
0 
2 
0 
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CV*1 or COS cells were tcansfected with pRShGR alpha, 
pRShCR beta^ or a mutattd hCR alpha and aaaayed foe CAT 
activity and steroid-binding capacity. After 
transfection, CV-1 cells were cultured for 2 days in 
the presence of 10 nN oex before cell lysis and CAT 
assay; COS cells were maintained in normal media. The 
two parameters are quantified as percentage (I) of 
wild-type hGR activity. Amino acids inserted in hCR 
alpha are given in the one-letter code. NT means not 
tested. Differences in amino acid composition between 
hGR alpha and hCR beta are represented in Figure II-5 
and in Experimental Section I« 

We have shown that. hGR produced in CV-1 cells 
via transfection of an hGR expression vector functions 
as a necessary and sufficient factor for the 
transcriptional activation of the NTR-CAT fusion gene. 
The magnitude of the induction reveals the hGR may act 
as a transcriptional *switch*# which can convert a 
siltint promoter containing r glucocorticoid response 
element to an activated state* Onlike other 
transcriptional factors that are consti tutively actlver 
stimulation of transcription by hGR is totally 
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dependent upon the presence of glucocorticoid hormones 
(Piguces II-3 and Il-4(A)). The production of an 
excessive quantity of the protein witl.in a cell is not 
aufficient to induce transcription of a regulated gene. 
The mechanism by which hGR is activated by the hormone 
ia poorly understood but, in analogy with the cyclic 
AMP-binding protein, is likely to involve allosteric 
transitions within the protein (McKay and Steitz, 1981; 
Gages and Adhya, 1965) • 

We have observed that activation of 
transcription by h(;R is not restricted by factors 
present in limiting quantity in CV-1 cells (Figure 
11-4(0) }• These results suggest that the binding of 
hGR-stcroid complex to a glucocor ticoid-responsive 
^•nhancer is sufficient to increase the activity of 
general transcriptional factors at nearby promoters. 
Similar properties for several other transcriptional 
factors have been reported. For example, Adfl, a 
transcription factor that activates the proximal 
promoter of the alcohol dehydrogenase (Adh) gene in 0^ 
mftlanngrtfltftg# binds the Adh template DNA in the absence 
of other protein factors and requires only endogenous 
RNA polymerase 11 and a fraction containing another 
general transcription factor to activate initiation of 
Adh RNA synthesis (Beberlein, et al., 1985). In a 
different type of experiment using the recombinant 
plasmid pSV2CAT, whicli contains SV40 enhancer/promoter 
elements, Scholer and Gruss (1984) have shown a 
requirement of a cellular molecule (s) for the function 
of enhancer-containing DNA. Their experiments 
indicated the presence of a limited amount of cellular 
factor (s) required for the activation of the CAT gene 
by the SV40 enhancer element. However, no exhaustion 
of general transcriptional factors was observed. These 
data suggest that t!ie mechanism of action of specific 
positive transcriptional factors ii likely to involve 
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alterations in chromatin structure induced by the 
factor itself that woi^ld facilitate the activity of 
general transcription factors or the polymerase itself 
(Moraau, et al., 1981; WasylyRr et al., 1983). It has 
been previously shown that glucocorticoid treatment 
causes both reversiblr^ and persistent changes in 
chromatin structure In DNA regions containing a segment 
of the MTV LTR (Zaret and Yamamotor 1984). The 
mechanism by which bound Receptors protentlate promoter 
activity remains to bi completely elucidated. However, 
the availability of a system that overexpr eases hGR 
will facilitate the future studies on the molecular 
basis of transcription activation by positive 
transcriptional factors. 

The results o£ the characterization of the 27 
insertional mutants supports and extends our previous 
suggestion that the human glucocorticoid receptor is 
composed of a series of functional domains. It is 
noteworthy that all mutants that affect steroid binding 
are clustered at the carboxyl terminus. In addition to 
suggesting that this region functions as a discrete 
".omain encoding hormone specificityf the results imply 
the possibility that the other domains identified 
within the receptor may serve discrete functions. 
Accordingly, the Ability of the receptor to recognize 
and to interact with specific DNA sequences appears to 
reside in the Cys-Lys«Arg-r ich region, which is highly 
conserved with the estrogen receptor and the oncogene 
ptoduct v-fixH-A. It seems logical that mutations in 
these regions would diminish the ability of the 
receptor molecule to activate transcription since 
activation depends on both the ability of the ligand to 
induce an allosteric transf ormacion and the ability of 
the transformed molecule to recognize and interact with 
the ONA. Based on the initial model of steroid 
receptor structure (Weinberger, et al., 1985), these 
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were expected outcomes of a mutagenic characterization. 
The unexpected outcome^ however^ is the identification 
of at least two other regions influencing 
transcriptional activity. This raises the intriguing 
possibility that '^ther domains are present in the 
receptor that are necessary for transcriptional 
activation but are not specifically involved in either, 
steroid or DNA binding. Mutants I120# 1204, and 1214 
bxnd steroid with wild**type affinity but have 
diminished transcriptional activity. These mutants 
clearly demonstrate that this domain^ which we refer to 
as tau^r is functionally important and required to 
obtain complete activity of the hGR« Interestingly, 
nonfunctional truncated mutants (i.e., 40 kd) found in 
several lines of glucocorticoid-resistant cells are 
retained in nuclei more efficiently than the wild-type 
receptor, but fail to activate transcription (YamamotOr 
et al», 1976; Andreasen and Gehring, 1981; Westphal, et 
al.f 1984). The receptor fragment missing in these 
"increased nuclear transfer" (nt^ mutants is evidently 
the amino terminus of the protein since they retain 
hormone-binding capacity. We note that taux# coincides 
with the major immunogenic domain of the hGR 
(Weinberger, et al.# 198S)# indicating that it is 
probably on the external surface of the molecule. 
Speculations on how this domain can fulfill its 
functions include self -interaction leading to receptor 
dimerization, possible interactions. with general 
transcriptional factors such as PNA polymerase II, 
and/oc modulation of ONA binding by exerting allosteric 
influence over the remainder of the activated receptor 
(Dellweg, et al.r 1482). Taui is englobed by the amino 
terminus of the receptor^ a region which is not held in 
common wita the smaller estrogen receptor. Perhaps the 
estrogen receptor gains the equivalent function of this 
domain by interacting with a second protPin# or» 
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alternatively, tauj may interact with other reaidues 
within the glucocorticoid receptor itself, as opposed 
to interacting with other regulatory molecules. The 
other tau region (which wt refer to as cau2) that 
affects transcriptional activation is a region that is 
present in the estrogen receptor and the v-tnli-A 
oncogene. Its location also suggests that it may act 
as a "hinge" region linking the steroid- and 
DNA-binding domains. Thus, these mutants could blocK 
the allosteric transformation necessary for receptor 
activation* 

A third region affected by amino acid 
insertions is located the putative DNA-binding 
domain described by Weinberger, et al# (1985). This 
domain is composed of two repeated units containing a 
Cys-Lys-Arg-rich sequence and is the most intensively 
conserved when compared with the v**iixll*A oncogene and 
the estrogen receptor (Wainberger, et al., 1985; Green, 
et al., 1986; Cre**ne, et al., 1986). These repeated 
units were first observed in the factor TF-IIIa 
(Miller, et al., 1985) and have since been found by 
sequence homology searches in a number of other nucleic 
acid-binding proteins (Berg, 1986). Based on 
experimental and theoretical studies of the factor 
TFIIIa, Miller and colleagues (1985) proposed a novel 
mechanism by which proteins bind DNA molecules. In 
their model, each unit is folded into a "fingered" 
structure centered on a zinc i^n* A finger could bind 
to a half-turn of DNA. Mutants 1422 and 1440 carry an 
amino acid insertion that disrupts the motif Cys-X2-Cys 
central to the finger model. These mutants are totally 
inactive with respect to transcriptional activation out 
retain their ability to bind glucocorticoid hormone. 
Preliminary experiments revealed that these mutants 
also fail to translocate to the nucleus after hormone 
treatment and to bind DNA la iXiJiQ (S. Uollenberg, 
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unpubllBhed odservatlona) . These mutated receptors 
demonstrate the functional importance o£ the finger 
motifs present in hGR. The third mutant located in 
this region, 1428, has the finger extended by the 
addition o£ four amino acids* Transcriptional activity 
of 1428 is greatly impaired (2% of wild-type level), 
but is still detectable. Thus, the loops are 
apparently more tolerant of change than the 
zinc-binding motif. The demonstration that finger-like 
domains are functionally important in hr.n leads us to 
propose that steroid hormone receptors are 
metallo-proteins, which may have evolved from a 
primordial ancestral ONA-binding protein. 

Together, these data suggest that the receptor 
is composed of a melange of regulatory domains^ which 
may have been pirated over evolutionary time to 
condense into the primordial steroid hormone receptor, 
which in turn gave rise to the large family of hormone 
response genes present in the mammalian genome. The 
transcriptional activity of this molecule demonstrates 
its potential ability to act as a genetic switch^ which 
is consistent with the role of s^-»roid hormones in 
ac*:ivating a variety of developmental lineages and 
homeostatic functions. The design of the mutations 
allows for the convenient generation of any desired set 
of small oc large deletional mutants and the ability to 
switch domains between related molecules to study 
function. In conjunction with thitrrapid and 
quantitative functional assays described in this 
sectioni it is now possible to direct specific 
questions as to the functional nature of the tau^ ONA-, 
and steroid-binding domains* 
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U p, nrTATrra t^Esrp T PTION QF MflUP.eS 

nrppHprn TH TM rXPrftTMPNTAT. SPrTICtl II 

PTfiiiRf: ii-i. 

In this a«8ay# an expceaaion vector containing 
the hCR alpha cDNA or a mutant derived from it ia 
cotransfccted into CV-1 or COS cells with a plasmld 
carry the CAT gene und^c the control of the MTV LTR# 
10 The cells are then cultured in the presence or absence 
of hormone. CV-1 cells were used to monitor induction 
o£ CAT activity, and COS cells were used to measure 
steroid-binding capacity and the expression of hCP 
protein. 

p^pftrccTnM DP hflP PROTRIN 

COS cells were mocK-transfected (center lane) 
or transfcctcd with plasmid pRShGR alpha (right lane) 
and analyzed 2 days later for the presence of hGR 
20 protein. Crude cytoplasmic extracts were resolved by 
SOS-PACE and analyzed by Western blot. Cytoplasmic 
extract from 1M9 cells was loaded on the sarre gel for 
comparison (left lane). 

PTr.tlRP TT^l. 
25 TMnPrTTQM pP TAT ACTTVTTV BY hCR 

Subconfluent CV-1 cells were cotransf acted 
with either pRSVgal (control), pRShGR alpha, or pRShCR 
beta and the reporter plasmid pMTVCAT and cultured Cor 
2 days In the presence (♦) or absence (-) of 10 n« 
30 dexamethasone. CAT assays were performed as indicated 
in Experimental Procedures (a&& Section II. F.). C, 
chloramphenicol! AC, 3-acetylchloramphenicol. 

ETfillRK 

n nnP-PP^^M«;E to nrX ANH TTTPATTON TP pR^^hCR ALPHA 

35 (A) CV-1 cells cotransfected with pRShGR alpha 

and pMTVCAT (10 micrograms each plasmid) were cultured 
in the presence of increasing conc?ntrationa of 
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encode proteins having at least about 10% of the 
transcription-activating properties characteristic of 
human glucocorticoid receptor; those DNA's include 19, 
137, 1102, 1120, 1204, 1214, 1262, 1289, 1305, 1346, 
1384, 1403, 1408, 1422, 1428, 1440, 1448, 1490, 1515, 
1532, 1550, and 1684. 

Construction of pRShGR-alpha is detailed in 
the part of the specification labeled "Experimental 
Section especially subsection II. p. (b) , 

•Recombinant Plasmids".) Experimental Section II also 
details construction and properties of th2 pRShGR-alpha 
modifications referred to in the preceding paragraph. 

With regard to the cONA sequence for hGR shown 
in Pigs. 1-2(1) and 1-2(2), the two C's at the 5'-end 
of the indicated sequence are part of the £aal site 
joining the indicated segment to the 3' end of the 
segment which includes the RSV-LTR, and the T at the 
3 '-end of the indicated sequence is a few bases 5' of 
the point Where the indicated segment is joined to the 
segment which includes the SV40 polyadenylation signal. 

pRShMR was constructed in essentially the same 
manner as pRShGR-alpha and is essentially the same as 
pRShGR-alpha. stated another way, with the exception 
of minor modifications at the insertion sites, the hMR 
segment shown in Pig. IV-2(A) replaces hGR, the 
sequence of which is shown in Pigs. 1-2 (i) and 1-2(2) 
Like PRShGR-alpha, pRShMV- contains the receptor protein 
DMA coding sequence under the control of the promoter 
from Rous Sarcoma virus, plus the SV40 origin of 
replication, Footnote 41 in the Reference portion 
of Experimental Section IV; aiafl_aftft. Pig. IV-4(A); 
compare with Pig. il-i," 

With regard to the hMR sequence shown in Pig. 
IV-2(B)-1 and IV-2(B)-2, the AG at the 5'-end of the 
segment is a few base pairs downstream of a fliadlll 
site, whereby the hMR segment is joined to the 
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dexamethaione. Tht apparent EO50 value for DEX was 3 
nM. The levels of CAT activity were plotted as 
percentages of the maximal cesponse observed in a 

5 particular expeciment. No CAT activity was detected in 
the absence of JEX* 

(B) Titration. ^ Increasing amounts of pPShGA 
alpha ^were cotransf acted into subconfluent CV«1 cells 
with a constant amount of pMTVCAT (5 micrograms). The 

10 plasmid pBR322 was used as carrier DNA to yield a total 
of 30 micrograms DNA per plate. Cells were cultured 
for 2 days in the presence of 10 nM DEX and CAT 
activity was measured and plotted as in (A) • 

^5 if.nrATTQM or fl-nctiqnal nQMAiH.g im hGR 

The hCR is schematically represented with 
putative domains involved in transcription activation^ 
tauxr and tau2» indicated by hatched areas. The 
DNA-binding domain is represented by a stippled boxi 

20 the steroid-binding domain^ by a dotted box. The 

positions of fia&HI linker insertions are indicated by 
triangles and circles. The numbers refer to the amino 
acid position Experimental Section I) after which 

the insertion occurs. Open symbols represent mutants 

25 capable of inducing hormone-dependent transcriptional 
activity at wild-type levels^ as measured by CAT 
activity, and closed symbols indicate greatly 
diminished or abolished function. The bar indicates 
the location of the divergent amino acids present in 

30 hCR beta, which is not functional. 

rtirwRP cnMQTTtnMji 

CV--1 and COS'l cells were grown at 370C in 
Dulbecco*s modified Eagle's mediuru supplemented with S% 
35 (v/v) fetal calf serum, 400 microg/ml ampicillln, and 
100 m.'crog/ml streptomycin. Cells were passed every 3 
days end never allowed to reach confluency in order to 
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obtain good ttangfection efficiency. All tcanflfected 
cultures were maintained at 37oc with 5* CO2. 
/H^ pFrnHqT"*""^ Pf.Ag.MTn«; 

Plasmld pRShCR alpha and pF.ShGR beta, which 
dictct the synthesia of the two fotns of hGR in CV-1 
and COS cells* were ccnattucted from three DNA 
fragments. The first fragment is derived from pRSVCAT 
{Gorman, et al., 19825) and contains the RSV LTR, 
PBR322 sequences, and SV40 polyadenylaticn sit*!. To 
Obtain this fragment, pRSVCAT was cut with ttladlll and 
the ends repaired by treatment with the Klenow fragment 
of DNA polymerase X. LB^l linkers were added to these 
ends by standard procedures (Maniatis, et ai., 1982), 
and the plasmid was subsequently cut with hSAli which 
removed the CAT coding sequence. The second fragment 
contains the ccdir.g sequence of either hGR alpha or hGR 
beta. Plasmius pOBll3 and pOBU7 (S.M. Hollenberg, 
unpublished results), which contain the entire coding 
sequences o£ the alpha and beta form of hCR, 
respectively, were cut with BaibHI. The ends were 
repaired with Klencw, and the plasmlds were cut with 
Kpni. Ligation o£ the first and second fragments 
created plasmid pRhCB alpha and pRhCR beta. The third 
fragment to be added consists of a mn-iliildllX 
fragment containing the SV40 ORI obtained from the 
plasmid pSV2CAT (Gorman, et al.r 1982«). The ends of 
this fragmsnt were repaired by treatment with Klenow, 
and Me.1 linkers were added to them. This DNA 
fragment, containing the SV40 ORI, was then introduced 
into the single UdfiX site present in pRhGR alpha and 
pRhGR beta, finally, the single flAaHl site present in 
these plasmids was destroyed and replaced with a XliflX 
site by insertion of a synthetic adaptor. The 
resulting plasmids are pRShGk alpha and pRShGR beta. 
Plasmids pMTVCAT and pMTlaCAT were gifts from S. Gould. 
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TMj^FRTTQNAL HMTAnFMPfiTfi 

Insertion of amino acids disrupting the 
wild-type sequence oC hGR alpha was performed by the 

5 following methodo Full-length ilnear pfiShGR alpha DNA 
was generated by partial digestion with restriction 
enzymes Alul» I2fial# ^nd fijaLNI. In the case o£ DNA cut 
by auNIr the ends were first repaired with Klenow. The 
DNA molecules weire then fractionated by agarose gel 

20 electrophoresis^ and the linear form of the plajmid wa6 
extracted. fijo&HI linkers of 8* or 12-mer were added to 
restore the original reading frame of the txQR a.Tino 
acid sequence* Plasmids carrying a single SaaHI linker 
in the codino region of hGR were sequenced (Maxam and 

15 Gilbertr 1980; to confirm the position of the linker 
and the integrity of the hGR mutants* 
fHI rrr.L TffAM.^^FKCTIQH AND CAT ASISAY 

The recombinant DNA constructs were introduced 
into CV-1 cells by calcium phosphate coprecipitation 

20 (Wiglerr et al«, 1979) or into COS cells by 

OEAC-dextran (Deans, et al.# 1984). Each plasmid 
preparation used for transfection was purified using 
two consecutive CsCl-£tBr equilibrium gradients. After 
transfection with the CAT gene constructs, CV-1 cells 

25 were prepared for CAT assay as described by Gorman, et 
al, (1982a) • The assays were performed with one third 
of the total cellular extract and an incubation time of 
6 hr« 

30 Crude extracts from COS cells were prepared by 

lysis with a buffer containing 10 mM Tris-CHl (pH 7.S), 
100 mH NaCl, 1 mM EDTA, O.SI Triton X-100. Equal 
amounts of protein (100 micrograms) were resolved by 
7.5% polyacrylamide gel electrophoresis, transferred to 

35 a nitrocellulose filter^ and probed with anti-hGR 
antibody GR884 (Harmon, et al,, 1984), followed by 
^^Sx-iabeled ^^M^hy\acaceiiim auccus ?rotein A. Filters 
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were air dried and expoitd to film. The amount of 

receptor was quantitated by scanning th^ 

autocadicgraphs. 

ffl STFROTn pTwnTMf: A.<;gAY 

COS cells were lysed in hypotonic buffer 
containlno 10 mM Tris-HCl (pH 7.5), 10 mil NaCl, 1 mM 
EDTA, 5 micrograms/ml antipain, 5 microgr ama/ml 
leupeptin, and 0.5 mf^ PMSF by Dounce homogeniiatlon and 
centrifuged 10 min. at 15,000 x g to yield the 
cvtosolic fraction. Incubations were performed in 
hypotonic buffer adjusted to 100 mM NaCl and contained 
100 micrograms of protein from the cytosolic fraction 
and 2 x 10-8[3hjdex (Amersham, 95 Cl/mmol) in total 
volume of 200 microliters. Nonspecific binding was 
measured by the addition o£ 2 x lfl-6 unlabeled DEX. 
Reactions were carried out at O^C for 2 hr., followed 
by a 5 min. incubation with 20 microliters of 50% 
dextran-coated charcoal (lOsl activated 
charcoal sdextran) and centrif ugatlon at 15,000 x g for 
2 min. at 40c. Supernatants were counted by liquid 
scintillation methods In a BecRman LS-7B00 liquid 
scintillation spectrophotometer. Each assay usually 
gave 2500-3000 cpm l^HJ labeled steroid; unlabeled DEX 
competed for 70% of this binding. 
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FYPPgTMg^iTAT, qrrTT?N III 

THE C-tXH-A GENE EriCODES A 
THYROID HORMONE RECEPTOR 

TTT. A. gnWMARY AKO TNTROnUCTIQN 

The human glucococtlcold receptee (hGR) 
complffmentaty DNA hat been sequenced Weinbcrgeci 
et ai.# 1985b and Experimental Section I) and shown to 
be functionally active (ififi Experimental Section II). 
Intet-?stinglyr sequence analysis of the receptor showed 
it to be related to the product of the v-fiUa-A oncogene 
product of avian erythroblastosis virus (AEV) (5Lfij» 
weinbergei^ et ai., 1985). This led to the proposal 
that the steroid receptors and the oncogene 
products share a common primordial archetype and that 
the grfa «-A proto-oncogene products may also be proteins 
that bind to ONA enhancer elements. Recent 
characterization of the human oestrogen (Green# et al., 
1986 and Greene^ et al.r 1986), chicKen progesterone 
(Jeltsch, et al., 1986 and Conneely# et al.r 1986) and 
human aldosterone (J. Arrixa, C.W. and R.M.E., 
unpublished data) receptors further support these 
conclusions. 

Accordingly, we started characterizing the 
human c-aiH-A proto-oncogene even though its functional 
identification could not be ensured. During the 
progress of these studies, advances were made in 
detailing the functional domains of the glucocorticoid 
receptor (See Experimental Section II) which indicated 
that the hGR hormone binding domain was unusually 
large, encompassing the carboxyterminal 300 amino 
acids. This entire region has distant but significant 
similarity to the carboxy terminus of v-fixli-A which 
therefore focused our attention on classes of molecules 
that might exert transcriptional regulatory effects 
similar to those of steroid hormones. 

The molecular mechanism of thyroid hormone 
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stimulation of gene expression seenta to be similar 
that outlined for steroids Eberhardt# et al*^ 

1980), Thyroid hormone Is present in all chocdate 

5 species examined and exerts profound effects on 

development and dii.£ecentiationr such as metamorphoais 
in amphibians Isjl£. Eberhacdti et al., 1980), Like 
steroidSf thyroid hormones may enter cells by passive 
diffusion and bind to high affinity nuclear receptors 

10 which in turn mediate a rapid and selective activation 
of qene expression (Tata, et al., 196« and Oppenheimer, 
et alw 1972). Evidence favoring this hypothesis has 
come largely from studies of the induction of growth 
hormone and its messenger RNA in the somatotroph of the 

IS rat anterior pituitary and in a number of related rat 
somatotrophic cell lines (Samuels, et al.# 1973 and 
Tsai# et al.# 1974). Thyroid hormones rapidly increase 
the transcription of the growth hormone gene in these 
cells (Martial/ et al.f 1977 and Evans, et al., 1982). 

20 The increase in transcription is accompanied by 

increased levels of nuclear thyroid hormone-receptor 
complexes, is time- and concentration-dependent, and is 
independent of protein synthesis Samuels, et al., 

1976| Spindler, et al., 1982; and Yaffe, et al., 1984). 

25 The similarity of steroid and thyroid hormone 

actions led us to examine the possibility that the 
£jLn-A protein may itself be the thyroid hormone 
receptor. We first isolated and characterized a cONA 
for human c-tlh^h* The sequence predicts a 456 amino 

30 acid polypeptide containing a cysteine/lysine/ 
arginine-rich region similar to the putative 
DNA-binding domain of steroid hormone receptors and a 
carboxy-tecminal region distantly related to the 
steroid binding domain. Using the functional assay 

35 developed for analyzing the hormone binding properties 
of cloned steroid receptors (au Experimental Section 
I), we demonstrated that the translation product from 
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the human c-txJa-A cONA possesses intrinsic thyroid 
hormone binding activity # ctiaractec istic o£ the native 
thyroid hormone receptor molecule. 

To isolate a human g- #rb -A cDNA, a 500-ba&e 
pair (bp) £2lLI ONA fragment isolated from a region o£ 
the AEV genome containing only the v-aua-A gene 
(Vennstcomr et al.^ 1980) was used as a 32p-iabeled 
probe to screen two human placenta cuNA libraries. Two 
overlapping lambda gtlO cONA clones were obtained by 
screening two independent libraries of "10^ phage 
recombinants each* The restriction maps were deduced 
for each of the cONA clone fLcaAI inserts from pUCB 
subclones^ pheA4 and pheAl2 (Pig. ZIZ-l(A)). Nucleo- 
tide sequence analysit of these overlapping 1.5 kilo- 
base (kb) cONA clones tevealed that the composite se- 
quence contains a long open reading frame of 456 amino 
acids with a presumptive initiator methionine codon at 
nucleotide nnmber 301 and a terminator codon at 1#669 
in the sequence (Pigs. III-1(B)-1 and llI-l(B)-2). 
Seven codons upstream of the ATG is an in-frame termin- 
ator TAA providing support for the initiator methio- 
nine« although another methionine found 26 codons down- 
stream makes this assignment tentative. No consensus 
polyadenylation addition signal (AATAAAr Proudfootr 
et al.# 1976) is discernible irv the 27 nuc- leotides 
between the terminator and poxy (A) tract in pheAl2. 

A predicted polypeptide of relative molecular 
mass 52,000 (Mx-52K) , encoded within the human ctlhrh 
cONA translational open ceading frame, shares 811 amino 
acid identity with the cegion downstream from the vir^.l 
aaj9 sequences (Debuire, et al.# 1984) in A£V. No gaps 
in the amino acid comparison were revealed* The human 
Q-sshrh amino acid sequence is homologous with the 
vical protein beginning at viral amino acid residue 37 
(Fig. III-2) . The carboxy-terminus of c-iuLb-A differs 
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from that o£ v-cLfa-A in the following m.inneci amino 
acid sequence similarity of the two polypeptides 
terminates at residue 445 of c-fxJb-A and residue 360 of 
v-fixJta-A (Tig. III-2). 

Allgnrent 04! the human c-j^-A nucleic acid 
sequence with that o£ wtih^h shows that *74% of the 
human gene is identical to the viral gene in the region 
of amino acid homology (nucleotides 563-1636 in 
c^tLh'ht data not shown)* These comparisonsf coupled 
with previous data describing other human tlb'^t genes 
mapping to chromosome 17 (Jansson^ et al.^ 19dJ; Spurr^ 
et al,0 1984; and Dayton^ et al.r 1984), indicate that 
the human placenta c-£iJb'-A gene we have isolated is 
distinct. One of the two chromosome 17 tLlla^A genes 
(both of which we propose to call he*#f b«A alpha) has 
821 similarity with the v-£xia-A gene by nucleotide 
sequence and 89% by amino acid identity (See Oayton# 
1984). Therefore, the placenta c-iLLt-A cDNA, which we 
propose to call hc^uh't beta, is more distantly 
related to the viral fiiLb^A gene than the hc-fira^A alpha 
genes. 

Amino acid sequence comparisons between the 
viral and cellular txix^l protein products and the 
glucocorticoid receptor indicate graded levels of 
homology with the carboxy*terminal half of the hCR 
(Fig. IXI-2). The highest degree of similarity is 
found in a cysteine-rich sequence of 65 amino acids 
beginning at c^&xh^h amino acid residuB 102 (a&fi 
Weinberger, et al.r 1985)* There is 471 amino acid 
identity in the comparison with the hGR ind 521 
identity when c*juA«A is compared with the human 
oestrogen receptor (h£R) amino acid sequence (Fig. 
IIX--2) • We have proposed that this region of the hGA 
represents the DNA binding domain^. Mutagenesis and 
expression studies have provided direct evidence for 
its role in transcriptional activaticn (&&£ 
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Experimental Section II] • Regions downstceam Ccom the 
cysteine-r ich* domain, wlilch correspond to the hormone 
binding domain, contain reduced yet Gignifican" (17%) 
homology to the hGR and hER as found previously with 
the viral £xJi-A product Ibza Weinberger r et al., 1985; 
Green, et al.# 1986; and Greene, et al., 1986). 

rii, t:> miLTipy.B prh-A riSnea 

Hybridization of restriction 
endonuclease*digested human placenta ONA with a labeled 
DHA fragment derived from the cysteine^r ich region of 
Che c-fiiH-A polypeptide (Figs. III-l(A), III-1(B)-1 and 
IIZ-l(B}-2)} produced two bands in every digestion with 
the exception of SuMll (Fig* 111*3 (A)). The greater 
intensity of the 9*4 kb->band suggested that it contains 
two hybridising DNA fragments. When the hybridization 
conditions were relaxed, additional bands were observed 
in the products of each enzyme digestion* For example, 
two faint bands of 5.1 and 3.6 kb were seen after £aJLl 
digestion (Fig. XII-3(B)). The hybridization probe 
contains a single internal £^I site (Fig. III-l(A)) 
which probably explains the increased number of Psti 
bands detected with this probe* 

Similar high-stringency hybridization 
experiments were performed using a 260 bp £CflRI*BamHI 
fragment from the 5' untranslated region of pheA4 (Fig. 
IXI-KA) and data not shown). Two hybridizing ONA 
fragments were detected with all restriction enzymes 
providing further support for the existence of two 
related cexh^L genes. No additional ONA bands were 
seen when the hybridization was performed under relaxed 
conditions using this probe (data not shown) • We 
conclude that there are two closely related hc*em-A 
beta proto-oncogenes and a third, less similar one, in 
the human genome* 

Laser*8orted chromosomes were prepared from 
human lymphoid cells (Lebo, et al*, 1984), bound to 
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nltrocellulose filtocB and hybridized under 
non-stringent hybridization and washing conditions 
using the 1.5-kb £caRI insert from pheA4 (Fig. 
III-3(C)), This ^.robe detected only human chromosome 

5 3-speci£ic DNA and suggests that the three c-oila-A 

beta-related genes are chromosomally linkedr although 
we cannot strictly exclurti the possibility that the 
non-atringently hybridizing tlh-h gene maps in another 
chromosome. Interestingly, another steroid 

10 receptor/eiH-A genomic fragment has recently been 

identified by characterizing the integration site for 
hepatitis B virus in a human hepatocellular carcinoma 
(Oejean^ et al«, 1986). This locus has also been 
mapped on human chromosome 3 suggesting that the cjcl^-^ 

IS genes may be closely linked* 

Tit. D. F:XPRF5;fiTnM QP r-arh^A ftPMrc 

Northern blots hybridizing cytoplasmic 
poly (A) -containing RNA'Sr isolated from various human 
cell lines or human term placenta, with a 6S0-bp 

20 a^HI-£atI fragment from the pheA4 (Tig. Ill-l(A)) 

revealed a single RNA species of 2,000 nucleotides that 
is most abundant in KeLa and MCF-7 cells (Fig. 
IIZ-4(A})« The size of the mANA indicates that we have 
isolated a nearly full-length c-£ijb-A cOMA. HT1080 

25 cells contain a small amount of the 2-kb transcript 

while it is undetectable in IN-9 cells* Human placenta 
appears to contain multiple species-bf 3 and 2.S as 
well as 2.0 kb RNA. It is unclear whether the multiple 
placenta bands represent nuclear precursors, or mature 

30 mRNA^s from a single gene, or the products of other 
fi£b*A genes. 

The protein products of the human c-Ajcn-A cDNA 
were characterized by in vttrn translation. A cDNA 
containing the entire c-Atb-A coding region was 

35 inserted into the £caRI site of tho expression vector 
pGEM3 in both orientations. Capped RNA transcripts 
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synthesized by T7 polymerase from these templates were 
used to program protein ayntheois in rabbit 
reticulocyte lysatea and the -^^S-methionine-iabeled 
products were separated on SOS-polyacrylamide gels 

5 (Laemmli, 1970) « Proteins with fl^ oC 55r 52, and 33R 
were detected when peAlOl ONA itth-h sense transcripts) 
was used as template (Fig. 1X1*4 (B), lanes 3 and 4) but 
not when peA102 ONA (fixii*A antisense transcripts) was 
used (Fig. III-4(B)r lane 2). The 55 and S2K products 

10 may correspond to polypeptides initiating translation 
at methionines 1 and 27, respectively (Fig. 
III-l(B)-l), while the 3SK product may be a proteolytic 
breakdown product. 

TTT. THYROID HORMONE flINDING 

IS Structural similarity of the steroid ligands 

as well as the partial amino acid sequence homology 
(40%) betwee.n the carboxy termini of the hOR and h£R 
(which specify the hormone binding doreaine; an** Krust^ 
et al.# 1986) support thtf hypothesis that the steroid 

20 receptors comprise a family of regulatory proteins. The 
more distant homology between the carboxy terminus of 
g* erh 'A and the steroid receptors suggested that orfa-A 
proto-oncogenea probably do not encode steroid 
receptorsr but is consistent with the hypothesis that 

25 &xh^h may respond to other molecules* We have shown 
that jjx v^^rQ translation can be used as a means to 
characterize hormone binding-activity of cloned steroid 
receptors (aoA Experimental Section I). Accordingiyf 
this assay was employed to identify the putative 

30 c-fiin-A ligand* 

Steroid and thyroid hormones exert their 
effects through fundamentally aimllctr mechanismst To 
address the possibility that ^xJn-A may be the thyroid 
hormone receptor, the in v^t^rQ translation products 

35 were mixed with 12Si-3,5,3»..triiodo-L-thyronine 

(125x.T3) in a hormone binding reaction (saa Samuels, 
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et al., 1974). Nonspecific hormone binding was 
dGtermined by adding a 500-fold moiac f?xces3 of cold T3 
to parallel samples* R*5ffiatkably, the mixture 
containing Lhe 35 and 52K polypeptides (peAlOl) 
acquired 125i-t3 binding whereas the anti-sense 
RNA- prog rammed lysates (peA102) had only background 
binding. Hormone binding was ©ensitive to proteases 
but not nucleases (data not shown). Affinity of T3 for 
the cloned fi^-A protein was determined by Scatachard 
analysis (Fig. III-5(A)) . A value of 5 x lO-H M 
waa obtained, which is virtually identical to the T3 
binding (6 x lO-H M) in HeLa cell nuclear extracts 
(data not shown) « 

Specific analogues of thyroid hormones have 
characteristic competition patterns for T3 binding to 
the native thyroid hormone receptor. We determined 
whether the sxhrU product synthesized in vitirQ shared 
the same intrinsic hierarchy of affinities for a range 
of natural and synthetic thyroid hormones. Competition 
of I251-T3 binding was most effectively achieved with 
3,5'> 3'-triiodothyroac6tic acid (TRIAC) which 
inhibited 50% of 125i^t3 binding at 300 pM (Pig. 
III-5(B)), In addition, L-thyroxine (Pig. III-5(B)), 
D-T3 and reverse T3 (3,3 • ,5 '-trilodo-L-thyronine) 
competed more poorly than T3 (Pig. III-5(C)), while 100 
microM vitamin D3, aldosterone, Cortisol, testostarone, 
progesterone or oestradiol did not compete (data not 
shown), consistent with the biochemical properties of 
the rat thyroid hormone receptor (ana Samuels, et al., 
1974; Samuels, et al., 1979| and Latham, et al., 1976). 

High salt ;^.4 N KCl) HeLa cell nuclear 
extracts contained thyroid hormone (I251.X3) binding 
activity, while none was found in cytoplasmic or 
low-salt (0.1 M KCl) nuclear extracts (data not shown). 
Competition of thyroid hormone binding in the nuclear 
extracts was quantitatively similar to that of lysates 
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containing c-fixll-A made In iiixji (compare Fig. III-5(B) 
and (D))* Purthecmore^ thyroid hocmone binding using 
0.4 N KCl nucleac extracts from IM-9 cells, which 
contain undetectable levels o£ c-£iii-A mRNA (Fig. 
III-4(A], lane 4), is negligible when compared with 
similar HoLa extracts (data not shown) • These results 
provide direct evidence that c- pf h ^A ia the thyroid 
hormone receptor. 

Ill, F, CnNCLUSIQNS 
The data in this section provide three 
criteria that identify the c-£xii-A product ..s the 
thyroid hormone receptor. First, the overall 
structural homology of e^^rh-A is likely to be a 
ligand-responsive regulatory pcotcin. Second, the 
expressed protein product has the same intrinsic 
hierarchy of affinities foe natural and synthetic 
thyroid hormones as the native receptor. Third, the 
molecular weights of exhrh In '^itra translation 
products are similar to the photo-affinity-labeled rat 
thyroid hormone receptor (Pascual, et al., 1982} • T^ie 
identity of £llLl*A as the thyroid hormone receptor could 
be further substantiated by demonstrating its 
transcriptional regulation of T3-*responsive genes such 
as the growth hormone gene. 

Analysis of the hCA and hM has revealed the 
proteins to be composed of a series of functional 
domains, (gpg Experimental ^Sections I and IV, and 
Weinberger, et al«, 198Sai also aoe Carlstedt-DuKe, et 
al., 1982| Dellweg, et al., 1982; Raichman, et al., 
1984; and Sherman, et al., 1978.) These include a 
cysteine-rich region which contains structural 
similarity to a repeated cysteine-rich region which 
contains structural similarity to a repeated 
cysteine-rich sequence found in x^nnptia 53 gene 
transcription factor IIIA end other transcriptional 
regulatory proteins (Miller, et al., 1985; Berg, 1985) 
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as well as carboxy-terminal sequences, wnich encode the 
bteroid-binding domain (&jtfi Experimental Section II and 
Weintergerr et al*# 1985a; also see Kumar # et al., 
5 1986). Extension of this analogy to the thyroid 
hormone receptor would predict its hormone binding 
region to be localized near the carboxy-terminal end of 
the molecule (Pig* XII-6) • Putative ONA binding 
sequences would be found in the cysteine-cich region 
(Fig. III-6) where DNA binding properties of the hr>R 
and h£R appear to be localized Experimental 
Section XI# and Kumarr et alw 1986; also S. Hollcnberg 
and R.M.E.f unpublished data). 

TTT. f:. THYRQin HnRMQNE RrCLPTQft AfJD OllCCCEU^ir.lS 

,j Expression of the v-cxJa-A product in avi-in 

ery throblasta is ^required for maintenance of the fully 
transformed phenotype (&£ji Graf^ et al., 1983 ; 
Frykberg# et al.^ 1983; Sealy, et al.^ 1983; and Kahn, 
et al.r 1986). Chickens infected with viruses lacKing 

2Q the v- prb -A gene display a less virulent disease, while 
iQ t/ifro these infected erythrob.lasts differentiate 
spontaneously and grow only with complex media 
supplements. Cells infected with erb*A*/f*f b-a> virusr 
however, have an increased capacity for self-renewal 

25 and display a less differentiated phenotype* Structural 
alterations of the v*£xi2-A protein could give rise to a 
product exerting aberrant properties of growth control. 
For instance^ changes at the carboxyl terminus might 
affect thyroid hormone binding, activity, as has been 

30 shown for the beta form of the human glucocorticoid 

receptor, resulting in a constitucively active molecule 
(see Experimental Sections II and III; also s^g 
Weinberger, et al*, 1985a), where changes abolish 
steroid binding activity. Insertional mutants in this 

35 domain also inactivate steroii binding properties (see 
Experimental Section II). However, deletion of the 
hormone binding region gives rise to a 
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constitutively active receptor indicating that tiiis 
dOTiain piays a modulatory role in transcriptional 
activation {V. Giguere and R.M.Ew unpublished d^*^a). 
These data lead us to predict that vfiUti-A ia unlikely 
to bind normone and is rather a conatitutivoiy active 
form o£ the thyroid hormone receptor. The 
identification of fiiii-A as ihe thyroid hormone receptor 
provides the first direct evidence of a causative 
involvement of enhancers and their binding proteins in 
oncogenic transformation. 

Ill, H, A .SriPERFAMILY OF REGULATORY HKMgg 

Similarity of the steroid receptors with the 
v-£jLli-A oncogene product was sufficient to allow us to 
propose th'.t both have evolved from a primordial 
receptor 'ycne (Weinberger # et al., 198Sa). Two 
3urprisi*ig results have emerged from the studies 
presented here. The first is that the occurrence of a 
family of fiili-A proto-oncogeneo implies the existence 
of one or more other molecules closely related to the 
thyroid hormone receptor. Physiological studies have 
not predicted the existence of a second class of 
thyroid hormone receptors and thus the characterization 
of this family may shed new light on mechanisms of 
developmental and homeostatic regulation. The second 
surprising observation from these results is the close 
kinship of the thyroid hormone receptors with the 
steroid hormone receptor family.^ This relationship 
indicates that these molecules may all be part of a 
superfamily of regulatory proteins that have arisen 
over evolutionary time to match the increasing 
developmental and physiological demands cC more complex 
eukaryotes. 

rrr. T, nrTAir.Kn nr.'^rRrPTTnM np FTt^riRF.c^ 

RKFRRRKn TQ TM FXPrP rMPMTAf, SF CTinN Ttr 
Ploiiro TTI-t (X\ anH ( ) 

Restriction map and sequencing strategy (A) 
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and nucleotide and predicted amino acid sequence (B) o£ 
human placenta c-ilUi-A coNA. a^ Orientations of the 
two subclones pheA4 and ph^A12 relative to •he 
corapoflite restriction map. Common restriction 
endonuclease cleavage sites are above the linear map. 
Thin lines, untranslated sequences; hatched box, erb-ft 
coding region; arrows, QUA fragments sequenced, b, 
Nucleotide sequence of the composite erli-A cDNA is 
presented in the. 5' to 3' orientation. The 
transiational open reading frame related to the viral 
fijcb-A protein 21 ia shown above the nucleotide 
sequence. Adenosine residues (-130) are found at the 
3' end of pheA12. Numbecs above the translated 
seque ice indicate amino jcid residues and nucleotide' 
numbjcs are on the right of the sequence, 
finirp rii-i (A) mnd fRi Hprhnfl.i 

Recombinant phage ("10^) from each of two 
human placenta lambda gtlO cDNA libraries (Huynh. et 
al., 1985) were screened using a nicJt-translated 
(Rigby, et al., 1977) 500-bp £atl fragment isolated 
from pAEV-11 (Vennstrom, et al., 1980)). The 
hybridization mixture contained 50% formamide, 1 x 
Denhardt's, 5 x SSPE, O.U sodium dodecyl sulphate 
(SDS), 100 microgram ml-1 denatured salmon sperm DNA 
and 106 c.p.m. ml"! of 3 2p,iabeled £atl fragment 
(specific activity - 1 x loA c.p.m. microgram-i) . 
Duplicate nitrocellulose filters were hybridized at 
370C for 18 h, washed three times for 20 min each in 
0.1 X SSC, 0.1% SOS (1 X SSC - 150 mM NaCl, 15 mM 
trisodium citrate) and autoradiographed at -70OC with 
an intensifying screen. Two hybridization-positive 
clones were isolated, subcloned into the fifioKl site of 
pUC8, and sequenced by the chemical cleavage method 
(Maxam, et al., 1977) . 

Pigurft TTT-->, 

Ainino acid sequence comparison between the 
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carboxy-terminai poctiona of the v-sxta-A oncogene 
pcoductr the human placenta c- ^f b -A polypeptide and the 
human glucocorticoid and oestrogen receptors 
Translated amino acid sequences for both the v erfc -A 

5 protein (upper sequence) and the human placenta c-ajJa-A 
polypeptide (second sequence) were compared by aligning 
matching residues* A computer program for the 
concurrent comparison of three or more amino acid 
sequences (Johnson^ et al.^ 1966) was used to align 

10 c-fiiti-A human glucocorticoid receptor (hCR third 

sequence from top; see Experimental Section Ii Figures 
1-2(1) and 1-2(2)) and human oestrogen receptor (hER, 
bottom sequence; see Green^ et al.^ 1986) 
carbo*.y-terminal amino acid sequences^ on the basis of 

iS progressive evaluation of selected segments from each 
sequence. Amino acid residues matched in at least three 
of the polypeptides are boxed, Amino acid matches 
between the two fixJl*A polypeptides are indicated by an 
asterisk above the top sequence in each colunin. Amino 

20 acid identities between the steroid receptors are 

designated by crosses below the sequences. Hyphens^ 
gaps inserted to maximize the numbec of matches in the 
comparison* Cysteine residues conserved between the 
four polypeptides printed white-on-black* 

25 Flqurp iri-1 (A) ■ ffl) and fCl * 

Southern analy isand chromosome mapping of 
human placenta DMA with c-fi£b-A ONA probes* A^ Human 
term placenta ONA was digested with restriction 
endonucleases and products were separated on a 0.8% 

30 agarose gel* ONA's were transferred to nitrocellulose 
paper (Southern, 197S) and hybridized in 50% foimamide, 
5 X SSPB, 1 X Denhardt'Sr 0*1% SOS, 100 microgram ml'l 
salmon sperm ONA with the 450-bp Sat t fragment from the 
pheA4 which was nick-translated to a specific activity 

35 of 5 X 10*5 c.p.m. microgram"!. The filter was waahed 
in 0.1 X SSC, 0.1% SOS at 60oc and exposed to X-ray 
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film at -70OC with an intensifying scceen. Lambda 
iiladlll DMA markers {3lze in kb) are aligned to the 
left of the autoradiogram. Analyais of place'^ta DNA 
ufling the samti c-^jLb-A probe as in section a above ^ 
under non-stringent hybridization conditions. A 
parallel blot containing the same samples was 
hybridized as in section a, except that 35% formamide 
was used. The hybridized filter was washed in i x SSC, 
0.1% SDS at 550C and exposed to X-ray film as described 
above. C, Chromosome mapping of human c-oLtx-A genes. 
Human lymphocyte chromosomes were separated by laser 
cytofluorometry (Lebo, et al., 1984) and probed using 
the non-stringent hybridization conditions described in 
aecf ion b, but with the 1.5 kbp ficoHI insert from pheA4 
as probe* 

Fiaurf» rri-A iX\ ^nH . 

Human c-fiLCU-A expression. A, Northern 
analysis of RNA's from human cell lines and human 
placenta. Cytoplasmic poly (A) -containing RNA (12 
microgram) from HeLa, MCP-7 and IM-9 cells, or total 
poly(A} RNA's from HT1080 or placenta, were separated 
on a li agarose gel containing formaldehyde^ . 
tranoforced to nitrocellulose (Thomas, 1980) and probed 
using a nick^translated 650-bp flAfflHI-£;itI pheA4 
fragment. Cytoplasmic RNA's were isolated from the 
cell lines using isotonic buffer and 0.5% NP40, while 
the placenta RNA's were extracted from fresh tissue 
using guanidine thiocyanate (Chirgwin, et al., 1979). 
Lane 1, HeLa; lane 2, HT1080, lane 3, human placenta; 
lane 4, iM-9; lane 5, MCP-7. B, Synthesis of acb-A 
polypeptides la jtitutt. The 3 5s-ffl«thionine-labeled 
products synthesized using T7 polymerase-catalysed RNA ' 
transcripts were separated on a 12.5% 
SDS-polyacrylaraide gel which was f luorogr aphed 
(EN3HAiJCE, New England Nuclear). Lane 1, control 
fwithout mRNA); lane 2, peA102 (antl-aense RNA, 4 
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microllteca) ; lane 3/ peAlOl (aenae RNA, 1 microliter); 
lane 4, peAlOl (4 microliters HNA) • Sizes of protein 
atandardsi bovine serum albumin, 66. 2K; ovalbumin, 45K 
and carbonic anhydrase, 31R. 

The ggQflr insert from ph^'AlZ which contains 
the entire coding region of c-£jja-A was inserted into 
the ZoaRl site of p<j£M3 (Promega Biotec) in both 
orientations* Plaamid TNA's peAlOl and peAl02 were 
linearized with HladlXI, purified on 0.8% agarose gels 
and used as templates for T7 polymerase^catalysed 
synthesis of RNA's in vitirQ (see Experimental Section 
I). After P60 chromatography, total nucleic acid 
material (2 micrograms) was used to program protein 
translation in a rabbit reticulocyte lysate system 
(Promega Biotec) with 35s«n,ethionine (25 microCi, 1100 
Ci mmol-1, New England Nuclear) final volume 25 
microliters. 

Thyroid hormone binding to prfa^ A polypeptides 
synthesized la ^lLJLla* A, Scatchard analysis of 125x-T3 
binding to the txb-A polypeptides made la :lLLxjx* The 
SLth'^ polypeptides (2 microliters from the la vitro 
translation mixture in a total volume of 2 ml) were 
assayed for specific thyroid hormone binding activity 
using hydroxylapatite to measure the amount of bound 
and free labeled hotmohe at different concentrations of 
I25i-X3 as described (Gruol, 1980). B, Competition of 
thyroid hormone analogues for l^Si-x^ binding to £xil-A 
polypeptides synthesized la idULca. Samples (2 
microliters) from the peAlOl (sense strand) -programmed 
reectiona were used in I251-T3 standard binding 
reactions (Samuels, et al., 1974) with increasing 
concentrations of unlabeled thyroid hormone or 
analogues to compete with labeled hormone. Specifically 
bound thyroid hormone is plotted against 



SUBSTITUTE SHEET 






WO 8S/03t^A 



PCT/LS87/02782 



10 



15 



2C 



30 



35 



•102- 



concentration of compecitoc compound. Competition 
of triiodothyronine isomers from i25x-t3 binding to 
^itX'h polypeptides synthesized in ziixa. Binding 
reactions were performed as above adding increasing 
concentrations of T3 isomers. Thyroid hormone bound to 
etb-A is plotted on the ordinate. D, Competition of 
thyroid hormone analogues for ^^^l^r^ bindin'3 to 0,4 M 
KCl HeLa cell nuclear extracts. UeLa cell nuclei were 
extracted with a buffer containing 0,4 M KCl (Samuels, 
et al.^ 1974). The protein extract (25 micrograms) 
(determined by flio-Rad protein assay) was mixed with 
0.6 nM i2Si-x3 in standard binding reactions with 
increasing concentrations of thyroid hormone and 
analogues (Samuels, et al., 1974; Latham, et al., 
1976). 

FiOUrft Iir-5 (\\, to ..nH m) Mr>hhnrfa. 

Labeled ^251-3,3 • ^5. trliodo-L-thyronine (New 
England Nuclear, 2,200 CI mmol-1, 0.3 n.i final) was 
mixed with eshrh polypeptides synthesized in the la 
v it CQ translation mixture (described in Fig. III-4(A)) 
in T3-binding buffer (0.25 M sucrose, 0.25 M KCl, 20 mM 
Tris-HCl (pH 7.5), 1 mM MgCl2, 2 mM EOTA, 5 mM 
dithiothreitol (DTT)) (Samuels, et al., 1974) at ooc 
for 2 h in a final volume of 250 microliters. Specific 
hormone binding was determined by adding a 1,000-fold 
excess o£ unlabeled hormpne-and assayed by counting 
radioactivity eluting in the excluded volume from a 
Sephadex G-2S fine (Pharfn;icia) 0.9 x 4.0 cm column 
(Samuels^ et al. , 1974) . 
Flqurg in-fi. 

Schematic comparison of the steroid and 
thyroid hormone receptors, .\mino-acid sequences of the 
receptor molecules aligned in Fig. lH-2 are 
represented schematically. CYS, cysteine-rich region 
encoding the putalve DNA binding domain found in the 
receptor proteins (Cys-rich region residues acei 
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g-rrb-A. 102-169; hGR, 421-486 ; t\ZR, 135-250); 
CottiBOl, oe5tradioi and T3/T4r hormone binding regions 
in the carboxyl termini; 1 kh, irmunogenic region o£ 
the human glucocorticoid receptor. Numbers separating 
boxes, percentage amino acid identities between the 
receptor species in the intervals between the vertical 
broken lines; hCR, human glucocorticoid receptor; h£R 
human oestrogen receptor; hc-firii-A beta, human thyroid 

hormone receptor. 
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CLONING OF HUMAN MINERALOCORTICOID RECEPTOR 
COMPLEMENTARY DNAl STRUCTURAL AND FUNCTIONAL 
5 KINSHIP WITH THE GLCCOCORTICOID RECEP'^OR 

Low-stringency hybridization with human 
glucocorticoid receptor (hCR) complementary DNA was 
used to isolate a new gene encoding a predicted 

10 107-kilodalton polypeptide. Expression studies 

demonstrate its ability to bind aldosterone with high 
affinity and to activate gene transcription in response 
to aldosterone^ thus establishing its identity as human 
mineralocorticold receptor (hMR) . This molecule also 

15 shows high affinity for glucocorticoids and stimulates 
a glucocorticoid-'responsive promoter* Together the hMc 
and hCR provide unexpected functional diversity in 
which hormone-bindlny properties, target gene 
interactions, and patterns of tissue-specific 

20 expression may be used in a combinatorial fashion to 
achieve complex physiologic control. 

rt/. a. TNTPnntJCTlQM 
The hypothalamic-pituitary-adrenal axis 
integrates a variety o£ neuroendocrine inputs to 

25 regulate the synthesis and secretion of the adrenal 
corticosteroids. These steroid hormones exert effects 
on growth, development^ and homeostasis by their 
interaction with intracellular receptor proteins that 
directly regulate the transcription of sets of target 

30 genes (1,2). Two receptor systems have been defined 
for the corticosteroids; these are termed the 
glucocorticoid receptor (GR) and the mineralocorticold 
receptor (MR). Early functional assays classified the 
corticosteroids as either glucocorticoid, by their 

35 effect in promoting glycogen deposition in the liver# 
or mineralocorticoidi by their effect in promoting 
sodium retention by the kianey. Kowever# each steroid 
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Class is not restricted to interacting with only its 
cognate receptor^ and glucocor ticoids# in particular^ 
can have substantial miner alocorticoid activity (1-3). 

5 It is now evident that the MR has significant 

la ^clLia afiTinity foe both glucocorticoids and 
mineralocorticoids (3#4). Since the circulating levels 
of glucocorticoids art several orders of magnitude 
higher than those of aldosterone^ the primary 

10 mineralocorticoids glucocorticoid activation of the MR 
may be functionally significant. Whereas the secretory 
epithelia of tissues such as kidney and intestine 
regulate electrolyte and water balance in response to 
aldosterone^ it is possible that additional mechanisms 

15 confer these tissues with sensitivity to 

mineralocorticoids (5)« No clear functional role has 
emerged for the KR expressed in other tissues^ but 
physiological responses in brain may result from 
glucocorticoid interactions with the MR (5-7). 

20 Despite the availability of high-affinity 

radioactively labeled ligands# the MR has been 
refractory to pur if ication# and its biochemical 
properties^ in comparison to GRr remain poorly 
understood. Application of the techniques of molecular 

25 biology to the study of the HR would facilitate its 
biochemical characterization and# eventually^ an 
understanding of the genes under its transcriptional 
control and the coles theii products play in 
homeostasis. 

30 Molecular cloning of the glucocorticoid isjJt 

£xperimental Section I and refa. 8^9) # estrogen (10) # 
and progesterone (11) receptors has permitted the 
determination of their primary amino acid structures 
and prediction of functional domains common to this 

35 family of regulatory proteinu. Experimental dissection 
of glucocorticoid Experimental Section II and ref. 

12) and estrogen (13) receptors has revealed a 
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centrally locatei: DNA-binding domain rich in cysteine, 
lysine, and arginine, and a carboxyl-tcrminal region 
w^iere steroid hormones inieract. Functional atudiea of 

5 OR suggest that hormone binding to the carboxyl 
terminus unmasks the ONA binding region to permit 
interactions of receptor with DNA and activation of 
tranflcrlption (14, 15). Comparison of the 
cysteine-r ich ONA^binding regions of steroid and 

10 thyroid hormone receptors shows a high degree o^ 
relatedness between these molecules (16). The 
invariant cysteine residues have led to the hypothesis 
that coordination of Zn^* rctal atoms maintains a 
structural configuration for DNA binding analogous to 

15 that proposed for x^nopu^ 5S gene transcription factor 
IIIA (17). The steroid-binding regions of the steroid 
receptor family also 8h;w substantial conservation 
consistent with evolution of various receptor classes 
from a common ancestral precursor (11, 16). 

20 We have used the structural similarity between 

steroid hormone receptors to isolate a gene product 
closely related to the human glucocorticoid receptor 
(hGR). Nonstringent hybridization with an hGR probe 
was used to isolate a human genomic DNA fragment highly 

25 related to the hGR cysteine-rich sequence* Using this 
DNA as a probe# we obtained complementary. DNA* s 
(cDNA's) that code for a molecule having a strong 
homology with the hGR from the cysteine-r ich region to 
the carboxyl terminus* When expressed in cells, this 

30 molecule binds aldosterone with high affinity and 
activates aldosterone-response transcription of the 
long terminal repeat (LTR) of the mouse mammary tumor 
virus (MMTV). The overlap of the ligand and DNA 
sequence specificities of this human mineralocorticoid 

35 receptor with those of hGR suggest that the distinct 
roles traditionally assigned to these regulatory 
molecules should be reconsidered. 
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rv. C. T.qnr.ATrpN or hmr rnnA 
For the Identification of glucocotticold 
teceptor-ceiated genes, human placenta DHA was digested 
with teste ictlon endonucieases, fractionated by agarose 
gel electrophoresis, and the fractions were hybridized 
with hCR 1.2, an HOO-bp fragment of hGH cDNA 
containing sequences encoding the DNA-binding domain 
l&ez fixpeclmental Section I; also te£. 15). Southern 
blot analysis revealed several distinct bands specific 
to low-stringency hybridization conditions (compare 
Fig. IV-1, (A) and (B) ) . The 2.3-lcllobase pair (Rbp) 
MndlH fragment (bracketed by asterisks in Fig. 
IV-I(B)) was well resolved from other hybridizing bands 
and was judged suitable for direct genomic cloning. 
Hiadlll-digested DNA from human placenta was 
preparatively size-fractionated on an agarose gel, and 
the 2.5-kbp region was isolated for the construction of 
a genomic library. This lambda gtlO library was then 
screened under conditions of low-stringency 
hybridization with hGR 1.2 as the probe. The Insert 
from one positive genomic clone, lambda UGH, was 
nick-translated and used as a probe on a Southern blot 
under high-stringency hybridization conditions (Fig. 
iv-KO). The 2.5-kbp flXndlll signal corresponded to 
that seen under nonstringent conditions, indicating 
that a portion of the desired . genomic fragment had been 
isolated. Sequence analysis of the Insert from lambda 
hGH revealPd an exon of 140 base pair (bp) flanked by 
intron sequences (Pig. iv-l(D)). Overall this exon has 
68 percent nucleotide Identity with the horaologoos hGR 
cONA sequence, but a region conserving 85 nucleotides 
out of 104 probably confers its cross-hybridization 
properties. This highly conserved region corresponds 
to a portion of the hGR DNA-binding domain (15) . The 
lambda HGH exon codes for 46 amino acids beginning with 
16 nonconveited residues and followed by the first of 
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the nlghly consecved cysteine residues chacacteeistic 
o£ atecoid hormone ceceptocs (8*11) • Of ttie n'^xt 30 
residuesr 28 ate identical to hGR, These analyses 
demonstrated the isolation of a genomic fragment 
containing a sequence related tOr but clearly distinct 
from^ that found in the hGR cdNA sequence (see 
experimental Section I). 

The insert from lambda HGU was used as a probe 
to screen cONA libraries for clones corresponding to 
this hGR-*related gene* Mineralocor ticoid receptor was 
considered a candidate to be encoded by such a gene* 
Since kidney is known to be a mineralocor ticoid- 
responsive tissue^ several human kidney cDNA libraries 
were screened* Eleven positive clones were isolated 
from these lambda gtlO libraries at a frequency of 
three to four per 10* recombinant phage* Two over- 
lapping clones^ lambda hk2 and lambda hklO, wera sub- 
jected to nucleotide sequence analysis and together 
found to span 5823 nucleotides (Figs* IV--2(A), 
IV-2(B)-1 and IV-2(B)*2)* The exon-intron boundaries 
of lambda MGU were verified by sequencing these cuNA 
clones* The lambda hklO# encompassing nucleotides 1 to 
3750, con- tains a large open reading frame predicting 
the entire primary amino acid sequence* The ONA insert 
from lamb- da hk2 extends from nucleotides 802 to 5823 , 
but con- tains an internal 3Sl-bp deletion from 2235 to 
2586* Three additional clones were examined and 
determined to have the same structure as lamoda hkio in 
the deleted region. It is likely that the deletion in 
lambda hk2 represents either a cloning artifact or a 
rare messenger RNA (mRNA) spj icing error (10)* The 
sequence of the reported 3"-untranslated region down- 
stream of nucleotide 3750 is derived from lambda hk2* 
The composite sequence of these two cONA's is termed 
hMR (Fig. XV-2(A)). With the first in-frame ATG (posi- 
tion 223) downstream of an in-frame termination codon 
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(position 136), hHR has a 5 '-untranslated region o£ at 
least 216 nucleotides. The sequence surrounding this 
first ATG agrees with the consensus described by Kozak 

J (19). This predicted initiator methionine codon begins 
an open reading frame encoding 984 amino acids. 
Following a termination codon (position 3175) is a 
2.6-lcb 3*-untranslated region with a typical 
polyadenylation signal (AATAAA) found 17 nucleotides 

10 upstream o£ a 70-nucleotlde poly (A) (polyadenylated) 
tract. Long 3*-untranslated regions are a 
characteristic feature of steroid hormone receptor 
mUNA's Experimental Section I; also refs. 9*11) • 

TV, n. THE miA- AMD HnRHnN E-B IND TNG REGIQM5 

^5 The protein encoded by hHR cONA has the 

structural properties of a steroid hormone receptor 
closely related to hGR. Comparison of the predicted 
amino acid sequence of hMA with that of hGR 
demonstrated high degrees of homology with both the hGR 

20 DNA binding and steroid binding domains. The hNR gene 
encodes a protein of 984 amino acids with a predicted 
molecular size of 107 kO, significantly larger than the 
777 residues of hCR. This size discrepancy is 
primarily due to the large amino terminus^ which bears 

25 no homology to hGR. Considerable heterogeneity of size 
and sequence for this region existF between the 
receptors for glucocorticoid^ estrogen^ and 
progesterone (AftA Experimental Section 2; also refs. 
9**11)* Amino acid homology begins in the centrally 

30 located ONA region with 94 percent amino acid identity 
in 68 residues (Pig. IV-3). Separating the DNA-binding 
domain and the carboxyl*terminal stesoid-binding domain 
is a region with relatively low sequence conservation 
found between other steroid hormone receptors. It has 

35 been speculated that the region may serve as a 
molecular hinge ^'tween the two domains (&&& 
Experimental Section II and rof. 13). Comparison with 
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hGR shows this region o£ hMK to contain an additional 
24 amino acida including a sequence of 4 glutaminea 
followed by 8 prolines encoded by repetitive nucleotide 
elements. The significance of this unusual sequence in 
terms of origin and function is unclear^ but 
structure-brealcing prolines are consistent with a hinge 
region. A compariron of the carboxyl-terminal 250 
amino acids of hMR with hGR shows 57 percent amino acid 
identity as well as a number of conservative amino acid 
substitutions. Some of these substitutions may 
preserve hydrophobic regions necessacy for steroid 
hormone interaction. 

rV, E, EXPRESSICH AND HQRMQUE BIflDING 
We have used transfection of the monkey Kidney 
cell line CVl and its derivative (that is, SV40 T 
antigen-transformed) cell line COS-1 (referred to as 
COS) to study glucorticoid receptor function. (£££ 
Experiinental Section II.) High levels of polypeptide 
expression from transfected hMR were essential to 
facilitate steroid-binding experiments in transfected 
cells. Since plasmida containing the SV40 origin of 
replication can replicate to high copy numbers in COS 
cells, an expression vector for hMR coding sequences 
similar to pRShGR alpha, used previously in hGR 
studies, was constructed. The plasmid, pRShMR, 
contains the hMR coding sequence, under the control of 
the promoter from Rous sarcomia virus, and the SV40 
origin of replication (Pig. IV-4(A)). 

Ligand specificity of the hMR protein was 
determined by preparing cytosol extracts from COS cells 
transfected with pRShMR. Two days after transfection, 
cells were harvested, and hormone binding was measured 
by a dextran-treated charcoal assay. Mock-tr ansf ected 
control extracts had no specific binding activity for 
[^HJaldosterone, whereas extracts from 
pRShMR-transf ected cells found significant amounts of 
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[^HJaldostecone with high affinity. A dissociaticn 
constant (Kq) of 1.3 nM for the binding of 
l3H]aldo8tecone was determined by a Scatchacd andiysis 
(Pig. IV-4(B)), This value is in good agreement with 
those reported for aldosterone binding to 
mineralocorticoid receptor (2/ 20). Competition 
experiments were then performed to examine the ability 
of different unlabeled steroids to compete with 5 nM 
[^HJaldosterone for binding when present at l-# 10-r or 
100-fold molar excess (Pig. 1V*4, (C] and (D)). This 
provided a measure of the relative affinity of each of 
these steroids for hNR. The results of these 
experiments show that aldosterone^ cor ticosterone# 
deoxycorticosterone^ hydrocortisone (Cortisol) all have 
very similar affinities for hNR. Dexamethasone/ 
progesterone^ and spironolactone demonstrated weaker 
binding affinity while estradiol competed very poorly 
for binding to hMR« Overalls this hierarchy of 
affinities indicated that hMR encoded the human 
mineralocorticoid receptor (2^ 20). 

IVi F, TRAMSCRIPTinNAL ACTIYATinN 
Steroid hormone action is characterized by 
hormone-dependent modulation of target gene transcrip- 
tion* The assay foe transcriptional regulation by 
transfected hGR in CVZ cells (see Experimental Section 
ZX) was adapted to hMR (Pig, IV-S(A), (B) and (C))« 
The expression plasmid used for steroid-binding assays, 
pRShMR, was cotransf ected with a reporter plasmid 
called GMCAT, which contains the MMTV LTR linked to the 
bacterial gene for chloramphenicol acetyltransf erase 
(CAT). Thus CAT activity provides an enzymatic assay 
for the transcriptional activity of the MMTV promoter. 
The MMTV promoter contains several glucorticoid 
response elements (GRE's), enhancer*like DNA sequences 
that confer glucocorticoid responsiveness via 
interaction with the GR (21). It was possible that 
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hNR, because o£ the neac identity of its ONA-binding 
Jomain to that of hGR, might also cecognize the MMTV 
LTR. When CVl cells wece cotransfected with pRrhHR and 
GHCAT, we obsecved full CAT activity. This activity 
was independent of added aldostecone suggesting that, 
in contrast to tcansfected hGR/ sufficient hocmone was 
present in serum (fetal calf se£um# S percent) to fully 
activate hNR (Fig. IV-5(B)). In the presence of 
charcoal-treated serum (22) CAT activity became 
responsive to the addition of exogenous aldostecone 
(Fig. IV-5(C)), indicating that hNR cONA encodes a 
functional steroid hormone receptor. While the hMR was 
also activated by the glucocorticoid agonist 
dexamethasune, the hGR did not respond to even 
supraphysiological concencrations (10 nH) of 
aldosterone. 

IV, fi, TiaSllE-SPECirTC EXPRESfilQN 
We examined the expression of HR mRNA 
homologous to hMR cONA in rat tissues by Northern blot 
hybridization (23). Classical mineralocor ticoid target 
tissues such as kidney (24) and gut (25) , as wall as 
tissues such as brain# pituitary, and heart, contained 
mRNA homologous to hMR (Fig, IV-6). 
Aldosterone-sensitive cells in kidney are primarily 
restricted to the distal and cortical collecting 
tubules (2), and therefore a modest level of expression 
in this tissue was not unexpected* High levels of MR 
(type I cortico8t<»roid-binding nites) havi» been 
reported in rat brain, particularly in the hippocampal 
formation (4, 6). In comparing dissected hippocampal 
RNA with RNA prepared from total brain, wo found a 
striking enrichment of message in the hippocampus. 
While aldosterone binding has been reported for 
pituitary (26), cultured aortic cells (27), and spleen 
(28), no such activity has been reported in muscle. 
Liver expresses GR, but has no detectable high*af f inity 
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aldosteron**-binding activity (29) ^ and as would be 
expected no hybridization to liver RNA was observed, 
Repcobing of the same Northern blot with an analogous 
portion of hCR cONA demonstrated hybr idiiation to mKNA 
species af diiferent sizesr and indicated that the MR 
and CR do show differential patterns of tissue-specific 
expression* 

TV. gHROMnt^OMK MAPPING 

To determine the chromosomal location of the 
mineralocor ticoid receptor gene, we tested hMR against 
a panel of rodent-human somatic cell hybrids retaining 
different combinations of human chromosomes (30) • The 
DHA fragments specific for the mineralocor ticoid 
receptor gene segregated concordantly with human 
chromosome 4 in 15 hybrid cell lines. Discordant 
segregation was observed for all other human 
chromosomes, including chromosome 5# site of the 
glucocorticoid receptor gene (see Experimental Section 
I and ref. 31} • To confirm the assignment to 
chromosome 4f we tested a restricted set of microcell 
hybrids^ each of which carry one to three human 
chromosomes (32) # for the hMR gene by Southern analysis 
(Fig. IV*7). Six ggQR i fragments detected by the 
25 coding portion of lambda h)c2 co-segregate with 

chromosome 4 in this hybrid panel. In particular^ the 
hHR gene is present in HDM-1132Br a cell line that 
carries chromosome 4 as its only human chromosome. 

TV, TMPt.tgATTnMj;-Fnft ADRgMAL 

rnRTTCQgTEttQID PHYSIOLOGY 

Human mineralocorticoid receptor cONA encodes 
a polypeptide that is highly homologous to the human 
glucocorticoid receptor. In the DNA-binding domainr 
hHR maintains approximately 94 percent amino acid 
identity to hGR while the steroid-binding domain 
localized in the carboxyl terminus has S7 percent 
identity. The recently reported sequence (11) of the 
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rabbit ptoqesterone receptor (rPR) also has a high 
degree of relatedness to hMR. Comparison of the amino 
acid identity in hGH and rPR structural domains with 
that of h«R (Fig, Iv-8) demonstrates the remarkable 
similarity of these functionally distinct regulatory 
proteins. The homology of hMR with rPR is almost 
identical to the hGR-hMR comparison^ with 90 percent of 
the amino acids shared in the DNA-birding domain and 56 
10 percent in the steroid-binding region. In contrasts a 
comparison of the same regions of hMR with human 
estrogen receptor (10) indicates 56 percent identity in 
the ONA binding domain and 21 percent sequence identity 
in the steroid-binding catboxyl terminus* The degree 
15 of structural homology shared by hMR, hGR^ and rPR# and 
the structural relatedness of their ligands, suggests 
that they may comprise a subfamily of steroid hocmone 
receptors. 

Expression of the hMR polypeptide in COS cells 

20 hy transient transfection permitted the evaluation of 
its steroid-binding potential. The results of these 
analyses indicated that hMR cDNA encodes a human 
mineralocorticoid receptor. Scatchard analysis 
demonstrated that extracts from cells transfected with 

25 pRShMR bound l3H]aldosterona with a K© of 1.3 nM, while 
reported Kq values for aldosterone binding to MR range 
from 0.5 to 3 nM (2). This is the single most 
important criterion in defining this gene product as 
the human mineralocorticoid receptor* Steroid-binding 

30 competition studies have further supported this 
identification of hMR. The mineralocorticoid 
deoxycorticosterone and the glucocorticoids 
corticosterone and Cortisol compete as effectively as 
aldosterone itself, whereas the synthetic 

35 glucocorticoid dexamethasone and progesterone have 
lower affinities for the hMR. 

The extensive amino ^cid sequence identity in 
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the pcesumptlve itecoid-bindinq domains o£ hMR# hGP# 
and cPR is compatible with the similac ligand-binding 
properties o£ these receptors. The mineralocor ticoid, 
glucocorticoids and progestetone receptors exhibit a 
limited ability to discriminate between the similar 
21-carbon atom structures of the mineralocor ticoids* 
glucocorticoids^ and progestins* This lack of 
specificity is particularly relevant to the KR and GR. 
Fo. example^ the MR binds glucocorticoids with an 
affinity equal to that for aldosterone* Indeed, it may 
be that only in tissues such as kidney^ where 
additional mechanisms confer selective response to 
aldostecone, does the MR function as a classical 
15 mineralocortlcoid receptor {2$ 5). The MR also binds 
progesterone with a high affinityr but one lower than 
its affinity for corticosteroids* There is some 
indication that progesterone may act as a partial 
agonist or antagonist of mineralocortlcoid action (33), 
and it is not clear whether glucocorticoids act as full 
agonists in binding to the minecalocorticoid receptor. 
Similarly, the GR binds glucocorticoids with a Kq 
between 20 tc 40 nH and it binds aldosterone with a Kq 
between 2S to 65 nM (2}« Therefore, the important 
uiawinction between the hormone-binding properties of 
MR and GR may not be one of ligand specificity, but 
rather of a hlgh-af Tinity versus a lower affinity 
receptor for the corticosteroids* 

The function of the hMA 1a .sUJCa Is complicated 
by the serum cortisol-binding proteinr transcortin* 
This protein sequesters Cortisol and, because of its 
differential distribution, transcortin could influence 
local glucocorticoid concentration. High levels of 
transcortin in kidney would reduce available Cortisol 
from plasma zo favor aldosterone sensitivity, whereas 
low levels of transcortin in the brain would suggest 
that, in the central nervous system, glucocorticoids 
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may be the predominant hMR ligand. Thus, the preferred 
physiologic ligand for hMR apparently varies depending 
on the site of receptor expression (3). This model and 

3 others (5) have been proposed to explain the 

responsiveress oZ some tissues to aldosterone despite 
much higher levels of competing glucocorticoids. 

The degree of homology between hMR and hGR in 
the DNA-btnding domain (only four amino acl'i residues 

10 differ in this conserved 68-rcsidue region) suggests 
that these receptors may recognize similar regulatory 
elementa. The activation of the MMTV LTR by the 
transfected hMR in response to both aldosterone and 
dexamethasone supports this conclusion, although the 

IS progesterone receptor has also been demonstrated to 
regulate this promoter (21). Furthermore, differences 
between hMR and hGR in the DNA-binding domain, or in 
other regions such as the highly divergent amino 
termini of these molecules, may influence target gene 

20 specificity in ways not revealed in this assay. 

However, we have utilized transcriptional regulation of 
the MMTV LTR by hMR and hGR to examine their activation 
by mineralocorticoids and glucocorticoids. While the 
hMR response was apptoximately equivalent with either 

25 10 nM aldosterone or dexamethaspne, hGR was activated 
by dexamethasone but was insensitive to aldosterone in 
this assay. Transcriptional activation by hMR in 
response to exogenous Cortisol was also observed. These 
data indicate that in transf ected^-cells both 

30 mineralocorticoids and glucocorticoids can activate 
hMR-mediated gene transcription. On the basis of this 
functional property, ve conclude that the hMR is highly 
responsive to adrenal corticosteroids and therefore may 
function as a glucocorticoid receptor. 

35 In addition to elucidating the pharmacologic 

and physiologic function of the mineralocor ticoid 
receptor in coordinating response to corticosteroids. 
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the isolation of hMR cONA will facilitate investigation 
ot the rola of hMR in a number of disease states, among 
them hypertension and pseudohypoaldosteronism (PHA). An 
aBSOCiatior of mineralocorticoida with hypertension has 

5 been recognized for several decades, and it may be that 
hMK-^mediared sodiuia retention and increased blood 
volume are, in part, responsible for some forms of 
hypertension (34) « PHA is an autosomal recessive 
disorder characterized by lack of responsiveness to 

XO normal or elevated aldosterone levels. Recent work has 
demonstrated diminished or complete loss of 
high-affinity aldosterone-binding sites in patients 
with this disease (3S) which is likely to result from a 
mineralocorticoid receptor genetic defect* The 

IS chromosomal mapping of the hMR gene suggests the PHA 
locus should reside on chromosome 4* 

Cloning and expression of functional hMR has 
provided unexpected insight and should stimulate new 
interest into the mechanisms underlying physiologic 

20 complexity, and allow the development and testing of 
new models for the coordinate regulation of gene 
networks* 

REPERRED TQ TM RyPBRTMEHTAr. fig.-.'IQM TV 

25 riqurp TV-1 fA) , fR] , fCl flnd fRU 

Isolation of a genomic sequence related to the 
hGR gene. (A) Uigh-str ingehoy Southern analysis of 
human placenta ONA digested with the indicated 
restriction endonucleases. hGR cbNA (hGRl.2) was used 

30 as a probe. Sizes of lambda ONA fragment markers (in 
kilobase pairs) prepared by iUndlll digestion are 
indicated next to the autoradiogram. (B) 
Low-stringency Southern anal/sis. The 2.5-kbp band 
bracketed by asterisks in the Uiadlll lane was the 

35 sequence targeted for direct genomic cloning. |C) 
Isolation of this genomic sequence in a cione 
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designated lamt}da HGU is demonstrated by its use as a 
^robe on a similar Southtirn blot. The lambda HGH 
genomic fragment contains the hybridizing Intec.al 
ProR i fragment isolated from this cloning. (D) The 
intcon-exon structure of the lambda HGU genomic 
fragment and its homology with hGR. The hGR-r elated 
exon found within lambda HGU is boxed in blacK with its 
predicated amino acid sequence. Conserved cysteine 
residues ace indicated with white dots. Portions of 
intron sequence with consensus splice donor and 
acceptor sites underlined are shown flanking the exon. 
Nucleotide homology with the hGR is shown underneath. 
Nucleotide numoers for hGR are from Figure 1-2(1) and 
1-2(2), discussed in Experimental Section I; also 
Hollenbergr et al. (1985) (ref. 8) for publication of 
the study used herein as Experimental Section I. For 
Southern analysis, we digested ONA from human term 
placenta with restriction endonucleases, and products 
were separated on a 0.8 percent agarose gel. The ONA's 
were transferred to nitrocellulose paper and hybridized 
under either stringent or nonstringent conditions* 
Stringent hybridization was performed with 50 percent 
formamide, 5 x SSPE (NaCl, HaH2P04r EOTA, pH 7.4), 1 x 
Oenhardt's, 0.1 percent SOS, salmon sperm ONA at 100 
microgram/ml, and probe (10^ cpm/ml) at 42^C« For 
nonstringent hybridization, 35 percent rather than SO 
percent formamide was used. Washing conditions 
consisted of 0.1 x SSC (standard saline citrate) with 
0.1 percent SOS at 60OC for stringent analyses and 2 x 
SSC with 0.1 percent SOS at 55oc for nonstringent 
filters. Washing conditions with the 338-bp inset from 
lambda HGH as probe were modified to 2 x SSC with 0.1 
percent SOS at 680c. For isolation of lambda HGU, 
human placenta ONA (300 microgram) was digested with 
Hiadlll and size-fractionated on a 1 percent 
low^melting agarose gel (Seapiaque, FMC) • The gel was 
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aiiced in 0.5-cm stcips^ and the ONA was purllied by 
phenol extcaction and ethanol precipitation* ONA (2 
mlcrogcam) from the fraction corresponding in si9!e to 
the band bcacKeted by astecisKs in (B) was repaired 

5 with Klenow ONA polymerase foe EgQft i linker addition. 
After digestion with £caAI and reffloval of excess 
linkers on a Sephacoso 4B column/ this ONA was ligated 
to £i:aRI-dige8ted lambda gtlO ONA and packaged la vitro 
(lambda arms and extract»^f rom Vector Cloning Systems^ 

10 San Oiego# California)* About 4 x 10^ independent 

recombinants were screened under conditions identical 
to those used for the nonstringent Southern analyais to 
obtain lambda hOH, 
Flaurn IV-2 (Al 3nd (Bl * 

IS Nucleotide sequence and primary amino acid 

structure of human mineralocorticoid receptor. (A) 
Composite structure of hMR aligned with a line diagram 
of some restriction endonuclease cleavage sites (£caAI 
sites shown at nucleotides I and S82J and derived from 

20 linkers). The composite was assembled from two 

overlapping lambda gtlO eloneSf lambda hklO and lambda 
hk2. Parentheses in the line diagram of lambda hk2 
indicate a 3Sl-bp deletion. The hatched box indicates 
predicted coding sequence with initiator and 

25 termination codons indicated. (B) Complete nucleotide 
sequence of MR and its predicted primary amino acid 
sequence. Underlined are a 5' in-frame termination 
codon upstream of the predicted initiator methionine 
and four potential polyadenylation sites (AATAAA) . 

30 Human kidney lambda gtlO libraries (13) were screened 
with the insert from lambda HGU under the same 
conditions described for Southern analysis under 
high-stringency conditions with this probe. Overlapping 
deletions of each cONA were obtained (36) by the 

35 Cyclone rapid deletion subclon*ng method (International 
Biotechnologies). Deletion clones were 
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aequenced by the dideoxy procedure (37) # and any gaps 
o; ambiguities were resoi/ed by the chemical cleavage 
method (38)* ONA sequences were compiled and analyzed 
by the programs of Oevereux, et al. (39) and Staden 
5 (40). 

Amino acid homology o£ mineralocorticoid 
receptor with glucocorticoid receptor* The primary 
amino acid sequence o£ hMA has been aligned with that 

10 of hGR for maximum homology by introducing gaps as 
indicated by dots. Numbers were taken from Figs* 
IV-2(B)-1 and IV-2(B)-2 for hMR and from Figure 1-2(1) 
and 1-2(2) for hGR. No significant homology was found 
upstream of the region shown. Vertical lines indicate 

15 identical amino acid residues. Arrows show putative 

boundaries of the ONA-binding (ONA) and steroid-binding 
(Steroid) domains* The amino-terminal bordtir of the 
ONA-binding domain was arbitrarily defined by the first 
conserved cysteine residue while the carboxyl-terminal 
limit was chosen on the basis of mutagenesis studies 
which indicated sequences necessary for ONA-binding and 
transcriptional activation (15). Several conserved 
basic residues that follow the ONA binding domain may 
also be important for these functions* The limits of 

2b the steroid-binding dofflain^ while defined by the region 
of amino acid homology^ are also consistent with 
mutational analysis* Single letter abbreviations for 
the amino acid residues ares hp Ala; Cysi Or Asp; 
Glu; F, Pho, G, Gly; Uf Uis; X, Zle; K, Lya; L, Leu; M, 

30 Met; N, Asn; ?, Pro; Q, Gin; R, Arg; Si Sett T, Thr; V, 
Val; \i, Trp; and Y, Tyr. 

Steroid-binding properties of expressed hMR. 
(A) Structure of pRShNR, the hMR expression plasmid 
35 (41)* (B) Scatchard analysis of tritiated aldosterone 
binding in extracts prepared from pRShMR-tcansf ected 
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COS cells. Each point was assayed in triplicate with 
100 micrograms of extract protein in a 200'*micr oliter 
incubation at O^C for 2*5 hours. The nonspecific 

5 binding determined with a 500-fold excess of unlabeled 
aldosterone was approximately 20 percent of total 
counts. No specific binding was seen in 
mock^transf ected cells. (C and 0) Competition of 
unlabeled steroids for binding with S nM 

10 .^HJaldosterone in transfccted COS cell extracts. The 
results of two independent trials representative of 
these competition experiments are snown. Cold 
competitor was present in 1^, 10-f or 100-fold molar 
excess. The value for 100 percent binding was 

IS determined by subtr^rting the number of counts per 
minute bound in the presence of 1000-fold excess of 
unlabeled aldosterone from the counts bound in the 
absence of competitor. Abbreviationst AldOf 
aldosterone^ Ooc^ deoxycorticosterone! Oexr 

20 desamethasone; Spiror sprionolactonei £21r 17 

beta-estradiol; CSf corticosterone; BC, hydrocortisone; 
and Prog, progesterone. Subconfluent COS cells were 
transfected by the OEAC-dextran method (42) with 10 
micrograms of pHShHR pet disht Cells were maintained 

25 for 2 days in DHEM (Dulbecco's modification of Eagle's 
minimum essential mediun) with 5 percent 
charcoal-treated fetal calf serumy then harvested [in 
40 mM tris-HCl (pH 7.8) r 10 mM MaCl, 1 mM EDTA» 10 mM 
Na2Ho04^ S mN dithiothf eitol, antipain (S 

30 microgcam/ml) I leupeptin (5 microgram/ml) ^ and 500 
miccoN phenylmethylsulfonyl fluoride* After 
centrifugation at ISfOOO x g foe 10 minutes, extracts 
were adjusted to 100 mM NaCl and S percent glycerol 
before binding. Labeling reactions with 

35 l^Hlaldosterone (specific activity 78 Ci/mmolf 

Amorsham) were incubated for 2.S hours at ooc in a 
total volume of 200 microliters^ and then for 10 
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minutes with 20 miccoiiteca o£ SO percent 
dextran-coated cfiaeco.ii (lOtl activated 
chaccoalidextcan) • Altec centcif ugation at Ij^OOO x 9 
for 2 minutes at 40C, tritium in supernatant was 
quantified by liquid scintillation spectrophotometry. 
Flqurr IV-S (Al , (SI .ind (CI > 

Transcriptional activation of MMTV LTR by hMR 
and hGR expression piasmids in transfected CVZ cells. 
(A) Structure of GMCAT. This piasmid was cotransf ected 
with the stecoid receptors as a reporter gene for 
hormone-dependent transcriptional activation (see 
Experimental Section II). (B) Differential CAT enzyme 
activity found after hMr or hGR transfection with 
normal serum. Transfected cells were maintained in 
CMEM with S percent fetal calf serum. Serum was 
treated with charcoal to eliminate free steroids in 
subsequent experiments so that the effects of exogenous 
steroids could be determined. (C) Differential 
induction of CAT activity by aldosterone or 
dexamethasone in cells transfected with hMR or hGR. CVI 
cells were cotransf ected with 10 micrograms of either 
pRSVgal (control)/ pRShMR^ or pRShGR alpha, and 10 
micrograms of the reporter GHCAT and cultured in the 
absence (-) or presence of 10 nN aldosterone (A) or 10 
nM dexamethasone (D) • AC, 3-acetylchlorafflphenicol ; 
chloramphenicol. Two days after transfection by 
calcium phosphate coprecipitation (43) r extracts were 
prepared for CAT assay (44). The assays were incubated 
for 6 hours with 50 micrograms of protein extract. 
Flqiirp TV-fi, 

Northern analysis of mineralocorticoid 
receptor mRNA's in rat tissues. The 1270-bp £caRI 
fragment (1770 to 3040) from lambda hklO was used as a 
probe for the expression of homologous mRNA's in rat. 
Ten micrograms of poly (A) ^ mRNA was used in all lanes. 
Migration of ribosomal RNA'a (28S and i8S) are 
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indicated foe aizt macktcs. Aftoc hyocidizacion under 
stringent conditions, the filter was washed twice for 
30 minutes each time in 2 x SSC with 0.1 percent SOS at 
680C. 

Chromosomal localization of hHR gene by 
Southern analysis of mlcrccell hybrids. The 
construction and characterization of theae hybrids has 
been previously described (32). The human chromosome 
10 content of each is as followst IJ0ra-4A (chromosome 20), 
UDm-S (chromosome 14 and an unspi>ci£led C group 
chromosome), HDm-9 (chromosomes 20, 14, and 21), HDm-15 
(chromosomes 21, 11, and 4), HDm-20 (chromosomes 7 and 
14), and HOm-1132B (chromosome 4 only). Human (HeLa) 
and mouae (3Tf) control DNA samples are also shown. 
Genomic ONA from microcell lines (10 miccograms) was 
digested with fLcoRl and subjected to electrophoresis 
through a 1.0 percent agarose gel, transferred to a 
nylon membrane (Nytran, Schleicher ft Schuell) , and 
hybridized with a hMR cONA probe under high-stringency 
conditions (Pig. IV*1(A)). Radioactive probe was 
synthesized by che Klenow fragment o£ EfleKPf ichiA coii 
DNA polymerase from two randomly primed (45) hMR cONA 
templates (the 1000- and 800*bp EcqR I fragments of 
25 lambda hk2) . The sizes of UJjldlll-digested lambda ONA 
fragments are indicated next to the autoradiogram. 

Schematic amino acid comparisons of the hGR, 
h«R, and rPR structures. Primaiy amino acid sequences 

30 have been aligned schematically with the percentage 
amino acid identity indicated for each region of 
homology in the intervals between dotted lines. The 
amino acid position of each domain boundary is shown 
for each receptor. N and C represent the amino and 

35 carboxyl termini, respectively. Cys corresponds to the 
cysteine-cich region encoding the putaive DNA-binding 
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domain while Steroid (Cortisol, aldoatecone, or 
progesterone) designates the steroid-binding domain. 
The immunogenic region (IMH) of the hGR is also 
indicated. Amino acid residue numbers are taKen from 
(see Experimental Section 1) for hGR, Loosfelt, et al« 
(11) for rPR, and from our data for hKR. 
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For the removal o£ endogenous steroids # washed 
charcoal was added to serum (2 g (dry weight) 
per 100 mlj and incubated at 370C for 40 
minutes then at jSOc for 30 minutes. Charcoal 
was removed by nitration through 0.43 then 
0.2 microm filters. 

No human cell lines have been reported to 
express high*a££inity aldosterone-binding 
sites. Northern blot analysis of human ovary 
RNA revealed two hybridizing RNA species 
approximately sized at 6 and 4 kb. No 
aldosterone-binding activity has been reported 
in ovary. 

Fuller I P.J«# and Funder^ J«w., Kldnpy Int^# 
10:154 (1976)) Matulichr O.T.^ Spindlerr 
Schambelanr M*# and Baxter # J.O.r Ji CUni 

Pf^^lr^^rlnnl . MmrAh.. 43lll70 (1976). 

Pressley^ t.# and Funderr Endocginoi&'jy r 

?7:5B8 (1975). 

Lan# N.C, Matulich, O.T. , Morrf s^ J.A. r and 
Baxter, mrf^^^r tnaiogv, 109tl963 (1981). 

RrozoweKi# Z.i and Funder, J.W.^ 

PnHr.r>r4nnlft9y. 109:1221 (1981). 

Meyer, W.J., and Nichols r N.R./ J. StflCOid 
aiflCHcm-.^ 1411157 (1981)1 no type I receptors 
were detectable in an early study in heart 
IFunderr J«Ww Duval, 0«, and Meyer, ?• , 
Pnf1ncr<nolDqy# 93 » 1300 (1973). 
Swaneck, C«£*, Highland, and Edelman, 
J.S., HpphfQni 6i297 ;1969). 

Duval, D., and Funder, J.W., PnHnrr i nnloov . 
94s57S (1974). 

Dracopoli, H.C., et al*, Ami J. Hum, flpnftt*, 
37il99 (198S)i Rettig, W. , et al., J. Exp« 
M£XL.# 162tl603 (1985). 



s:^:^ 



M 




, ••■•"J ', '■r^ ;'^ 




^'■-••/-ii-'V^' 



'^4 





4^-*' t ^^^-^ ...... 



PCT/US87/02782 



5 32. 

33. 
10 34. 



IS 



JS. 
36. 
37. 
20 38. 
39. 



25 



30 



35 



40. 



41. 



.a 



Gehtlng, U., Segnitz# B« ^ rocllnier# B., and 

Fcancker U.# Prnr. Nafl- Ar;iH, Cri . . 
82:3751 (1985) . 

Lugor TtG« # Hjndelin, B«L. # Killaty # A.M. # 
HcMsman^ D,£«# and Foucnier^ K.r tlfil> CpU* 
ElQl^# in press. 

w;imb&ch# G.f and uigginsr J.A.^ Rnrtncf inolofly# 
102:1686 (1978). 

vallotton^ M.B.r and favcer L. # In Ad Lena 1 
£a£J:£x# Anderson, D.C. and wintecf J.S.O.r 
Eds., pp. 169-187, Butterworths, London 
(1985) . 

Acmanini, 0., et al., m- Pnyi. Ji mp^.. 
31JI1178 (1985). 

Dale, R.H.K.r McClure, B.A., and Uouchins, 

J. P., £lMmid# 13:31 (1985). 
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Staden, R«r Murioig Aridn n#>fl.. 10:4731 
(1982) 1 Staden, R., wnri^ig Agif^a pp^.. 12:521 
(1984)* 

Construction of pRShMR* The 3.7S-Kb insert 
from lambda hklO was ligated into the ££aRI 
site of pGEN4 (Promega) oriented with the mpl8 
polylinker adjacent to the S' end of hMR 
coding sequence* Digestion of this plasmid 
(phklO) with HindllX generated at iLLiidlll 
fragment spanning the polylinker site to the 
hMR site at position 3562; this fragment was 
isolated and the ends were repaired with the 
Rlenow fragment of ONA polymerase I« Plasmid 
pRSVCAT (CM* Gorman, G.T* Merlino, M.C. 
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Sillinghamr I. Paatan# B.H. Howacd, PcQC^ 
UAtY. Ar.yc\. Set-, tJ5A . 79:6777 (1982)] was 
digested with Uladlll and lU^J , a-d the 
Eiadlll-Hpal Cragment containing pBR3 22 
sequences^ the RSV LTR^ and the SV40 
polyadenylation site was also cepaiced. 
Ligation o£ the hMR fragment to the fragment 
from pRSVCAT yielded a vectoc which, in the 
correct orientation, has hMR coding sequence 
driven by the RSV promoter • Sites bracketed in 
Fig. IV-4(A) wece lost in this cloning step. 
To improve translational efficiency several 
upstream initiation and termination codons in 
the 5 '-untranslated region wece deleted by 
digesting the vector with AccI to remove an 
-200-bp sequence from the raplS polylinker to 
position 188 in the hMR 5*-UT region. 
Finally, an UilaX-linkered SV40 origin of 
replication was introduced into the Udfil site 
(12) to generate pRShMR* 
Deans, R.J., Denis, R.A., Taylor, A. , and 
wall, R., Prnc;. Wrttl. Acad, Sclii U5ft# 81x1292 
(1984) . 

Wigler, M., et al., £fill, 16t777 (1979). 
Gorman, CM., Moffat, L.F., and Howard, B.U., 
M/M. roll. Rim-. 2:1044 (1982). 
Feinberg, A. P., and Vogelstein, B., AaaJUb 
Htnghpm-. 137t266 (1984). 
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FXPFRTHENTAL SECTIQII V 
IDENTIFICATION OF A NEW CLASS OF 
STEROID HOPMONE RECEPTORS 

The gonads and adrenal glands produce a large 
variety of steroids classified into five major groups 
which Include the estrogens, progestins, androgens, 
glucocorticoids and mineralocor ticoids. Gonadal 

10 steroids control the dlf f ercntlSwion and growth of the 
reproductive system, Induce and maintain sexual 
characteristics and modulate reproductive behavior. 
Similarly, adrenal steroids influence differentiation 
in addition to their vital roles as metabolic 

15 t'.*gulators. Despite this wide range of physiological 
actions, the effects o£ each steroid rest primarily 
upon the specific cognate receptors which it binds, and 
therefore steroid hormone action might be more 
precisely classified according to the receptors that 

20 mediate their biologic action. The successful cloning, 
sequencing and expression of the human glucocorticoid 
receptor (hGR) cDNA (AAft Experimental Section I, which 
was published as ref. 1) 9 «oon followed by those 
encoding the es*:rogen2#3 (hER) , progesterone^ (hPR) , 

25 and mineralocor ticoid (hMR receptors) (AAA Experimental 
Section IV, which was published as ref. S), plus 
homologues from various species^^^l, provide the first 
opportunities to study receptor structure and the 
molecular mechanisms by which\^thest molecules modulate 

30 gene expression. Sequence comparison and mutational 
analysis of these proteins reveal structural features 
common to all classes of steroid hc.mone receptors 
Experimental Section II which was published as ref. 12; 
also ASia refs, 13 and 14). In particular, the 

35 receptors share a highly consjrved cysteine rich 
region, now referred to as the DNA->tau domain, that 
contains all the information required for both 
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ONA-binding and trans-activation functions of the 
glucocorticoid receptoc^^, 16, x^e pcesencs of a common 
segment between receptors provides the possibility of 
scanning the genome tor related gene products. For 
example, :.HR cDNA was isolated by using the hGR as a 
hybridisation probe {^tfi Experimental Section IV, which 
has been published as re£. 5). One way that molecular 
biology can advance our understanding of health and 
human disease and the physiology that governs these 
events is through the identification of new hormone 
response systems. In this study, using the highly 
consecved ONA-tau cegion of the human estrogen receptor 
cONA as a hybridization prober we have isolated two 
cONA clones encoding polypeptides that comprise the 
structural features of the steroid hormone receptors. 
V. gPMA rrny:gg for PF:c:rrTCR hERP.l 
One approach to search for unrecognized 
hormone response systems is to systematically employ 
reduced stringency hybridization to screen recombinant 
DNA libraries for novel hormone receptors. The DNA-tau 
segment of the estrogen receptor was used to initiate 
these studies. Analysis of a lambda gtlO human testis 
eONA library identified 3 positives at a frequency of 
one clone per 3 x 10^ recombinant phages. Nucleotide 
sequence analysis revealed that two of these clones 
actually encode the estrogen receptor while the third 
one, spanning 2.0 kilobases and named lambda hT16, 
showed only partial sequence homology. In turn, this 
clone was used to screen human fetal Kidney and adult 
heart cONA libraries, resulting in the identification 
of 3 additional clones. Both clones from the kidney 
library, lambda hKE4 and lambda KAl, represent the same 
gene product as lambda hT16 while the cardiac clone, 
lambda hH3, is only partially related. The composite 
sequence of the three cONA*s sharing identical 
sequences, herein referred to as h£HRl, is shown in 
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Figures V-i(a)-l and V-l(B)-2, Assuxning a poiy(A) tail 
o£ "150-200 nucleoticle*!l7, this sequence ("24J0 nt) 
must be nearly full length. The cDNA insert '^tom lamb- 
da hK.M concalns nucleotide 179 to 2430 while lambda 

5 hKE4 represent a rare messenger RNA apiicing crtoc with 
deletion of exon 2 and insertion o£ intcon sequences. 
The exon/intron boundaries suggested by lambda hKE4 
were confirmed by cloning and partially sequencing the 
genomic fragments encoding this gene (data not shown) • 

10 The sequence surrounding the first ATG .igrees with the 
concensus described by RozaRlS fQj ^ translation 
initiation site. An open reading frame of 521 amino 
acids predicting a polypeptide of Mr 57300 ir flanked 
by a 775 nucleotide 3 '-untranslated region. 

15 V, C, CDMA CLONE FOft RgCFPTOR hPPP^ 

The characterization of clone lambda hUJ re- 
veals it to encode a unique polypeptide highly related 
to hERRl. Figures V-2(B)-1 and V-2(B)-2 show the 2153 
nucleotide sequence of lambda hU3 and the primary 

2i; structure of the protein product designated h£RK2. The 
translation initiation site was assigned to the 
methionine codon corresponding to nucleotides 100-102 
because this is the first ATG triplet that appears 
downstream from an in-frame terminator TGA (nucleotides 

25 31-33). An open reading frame containing 433 amino 

acids encodes a polypeptide of Mr 47600 and is followed 
by a 3 '-untranslated region of 7S2 nucleotides. 

V. Q. C:nAftACTPRT?ATTf}M OP hPgftl AMn hFPtt? 

As mentioned earlier, steroid hormone 
30 receptors are composed of distinct functional domains 
that can be identified by sequence analysis^***, xhe 
predicted hERRl and hERK2 polypeptides contain the 
expected domain features of steroid receptors. Amino 
acid comparison between hERRl and hERR2 shows that 
35 these two proteins have divergent amino termini and 

that no homoiogy can be detected with other claaaca ot 
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receptor within this region (data now anown). This 
finding is in agreement with previous comparison 
studies Experimental Section IV; also jSLfifi refs. 

5 5,8,10,14) which Showed this region to fce hypervar iafcle 
in sequence. Alignment of the cartioxy-terrainal region 
of hERKl, hERR2# hER and hCR (Fig. V-3) SuOws that the 
highest degree o£ homology between these proteins is 
found in a cysti^ine-rich region of 66 amino acids^ 

10 corresponding to the DNA-tau domain {A£Jt Experimental 
^Section II; also afiA re£. 15) of the steroid hormone 
"receptors, located between amino acid 175 and 240 of 
hERRl. There is a 911 amino acid identity in the 
comparison of hERRl with hERR2, 681 with hER and 56% 

15 with hCR. The positions of the 9 cysteine residues are 
strictly conserved but the absence of a histidine 
residue at position 206 of hERRl and position 134 of 
hERR2 marks a major difference with the previously 
described steroid hormone receptors. It was originally 

20 thouyht that this histidine residue might be involved 
with the conserved cysteine residues in the formation 
of a DNA-binding finger. The recent demonstration that 
this histidine residue is also absent in the 
corresponding amino acid sequence of the vitamin 0 

25 receptorlS, another member of the ligand-binding 

transactivation factor superfamily# suggests that 2n2* 
atoms Interact exclusively with cysteine residues in 
order to coordinate the formation of the proposed 
DNA-binding fingers present in those proteins. The 

30 putative steroid binding domain, positioned between 
amino acid 295 and 521 of hERRl, shows 63% identity 
when compared to hERR2, 36% to hER and 28% to hGR. 
y, F, TTt:gOg nT.<;TRTRtJTIQN QF 

3- Steroid receptors are expressed in 

characteristic tissue specific patterns that directly 
correlate to their ptim^ry physiologic effects. 
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Perhapsr the distribution of these putative ceceptocs 
would provide a clue to their hidden identity. 
Accordingly, total RNA isolated £rom a variety of rat 
and hum^ln tissues was fractionated on 
^ forfflaldehyde-agarose gel electrophoresis and 

transferred to nitrocellulose filters. Using lambda 
hRAl as a prober a 2«6 Kb mKNA encoding hERRl was 
detected in all rat and human tissues analyzed^ with 
surprisingly high levels in the cerebellum and 
10 hippocampus and the lowest levels seen in the liver, 
lungs/ seminal vesicles and spleen (Pig. V-l(A)). 
Thus# it appears that the hCRAl gene is widely and 
abundantly expressed^ although present in much higher 
levels in the rat central nervous system* In contrast 
to the hERAl mRNA expression pattern, the distribution 
of the mHNA encoding the hCRKI protein is restricted to 
a few specific tissues where very low levels of mRNA 
can be detected (Pig. V-4(B)). Using a probe derived 
from the clone lambda hH3, a 4.8 Kb mRNA was detected 
20 in kidney, heart, testis, hypothalamus, hippocampus, 

cerebellum and rat prostate* Uoweverr no hybridization 
could be detected in the human placenta or prostate. 
Considering the difference in exposure time and the 
resulting signal intensity, levels of h£RR2 mRNA are 
25 approximately 10 to 100-fold lower than that of hERRl. 
V. p. HnMnr.nr.Y rrtmrkm hrrri Ann hpuoo 
Prior studies indicate that the degree of 
homology of the ligand binding domains between the 
steroid hormone receptors reflects the structural 
30 relatedness of their Uganda. For txample the hCR, hMR 
and hPR, which show 56% identity in their ligand 
binding domains (Aftft Experimental Section IV), bind 
closely related hormones. Indeed the hMR binds 
glucocorticoids with an affinity equal to that of 
3S aldosterone, and also binds progesterone with 

relatively high affinity (afift Experimental Section IV). 
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In th? case of the hERR gene products^ amino acid 
sequence homology reverie a relatively moce distinct 
relationship with h£Rr 701 in the ONA-tau region and 
361 in the steroid binding region (Fig, V-5) . These 
levels of homology ate lower than those observed 
between hGRf hNR and hPR and thus predict that the 
putative h£RR proteins interact with a class of steroid 
hormones distinct from the estrogens. However ^ the 
homology between hERRl and hCRR2 suggests that they are 
receptors for either a singi* or two closely related 
steroid metabolltes« Preliminary steroid binding 
studies using the products of jjx ^^tm translation of 
capped SP6 RNA produced from hCRRl and heP.R2 coding 
sequences or expression of the two cONA's in COS-1 
cells f^ee Experimental Sections IV and II) have failed 
to demonstrate binding of any major classes of 
steroids^ including estrogens and androgens. 

The tissue distribution of hERRl and heRR2 
mRNA's expression suggests that each putative receptor 
will control distinct biological functions. How might 
the functions of these steroid hormone receptors have 
been overlooiced? Most likely many of their activities 
have erroneously Inon attributed to other receptors 
with differences being classified as atypical effect. 
The recent identification of neuronal steroids^^^^^ 
provides evidence for new steroid hormones with 
possible i^aracrine acti^nw within the brain. Such 
systems could have easily escaped previous 
physiological detection. Thus^ the isolation two novel 
steroid hormone receptor cONA's marks the first step 
toward identifying a new hormore response system. 
V. H, nPTATrgp np^rpTPTrnM hp PTr.rippg 

RPPPRRFn TO TM PYPPPIMRMTAf. <^ F,CTrnM V 

Restriction map (A) and DNA sequence and 
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predicted araino-acid sequence (B) of hERRi. A, The 
'.omposite cONA for hERRl la tepcesented at the top, 
with noncodinq (thin line) and codinq (stippied 
pocticn) sequences indicated. Common 6*nucieotide 

5 restriction enzyme sites are drawn above the linear 
map. Overlapping cONA inserts used to determine the 
sequence arc shown. The wavy line near the 5' end of 
lambda hKC4 indicates divergent sequence. 0, 
Nucleotide sequence of the composite hERRl cONA with 

10 the deduced amino acids given above the long open 
reading frame* 

P\^nr^ V-l (X\ And fBt MPt^hodg. 

The clone lambda hT16 was isolated from a 
human testis lambda gtlO cCNA library (Clonetech) using 

Ij a nic)c-translated22 446-bp &^I*£daHI fragment isolated 
from p£R945# a linRer'-scanninq mutant^^ derived from 
the hER cDHA (V. Giguece and R.M. Evans, unpublished 
data). The hybridization mixture contained 35% 
formamide, IX Denhardt's, 5X SSPE, 0.1% sodium dodecyl 

20 sulfate (5DS), 100 micrograms ml*^ denaturated salmon 
sperm ONA and 10^ c.p.m. ml"^ of ^^P«-labcled OylZ-flAaHI 
fragment OlO^ cpm/microgram) « Duplicate 
nitrocellulose filters were hybridized at 420C for 16 
hf washed three times for 20 min each in 2X SSC, 0.1% 

2S SOS (1 X SSC<il50 mH Nacl, IS mM sodium citrate) at SS^Q 
and autoradiographed at -70Oc with an intensifying 
screen. The clones lambda hR£4 and lambda hKAl were 
isolated from a human kidney lambda gtlO cONA library^^ 
using the nick-translated insert from lambda hT16. For 

30 this screening, the hybr iuizatiui« fixture was modified 
to 50% formamide and washing conditions to 2X SSC with 
0.1% SDS at 680C. The CONA clones were digested with a 
number of restriction enzymes and the resulting 
fragments were subcloned in both orientations into the 

35 M13 sequencing vectors mpld and mpl9 and sequenced by 
the dldeoxy procedure24, ^nd any gap or ambiguities 
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wece cesolved by the chemical cleavage mechod^S, qnA 
sequences were compiled and analyzed by the pcograme ot 
Devereux, et al#26 and Staden27, 

Fiflurp V-l (Al flnrt fn.U 

Restriction map (A) and DNA sequence and 
predicted amino-acid sequence (B) of hERA2< A^ 
Schematic representation of h£RK2 cDNA; some common 
restriction enzyme sites are indicated. The stippled 
box represents the predicted open reading frame. Br 
The complete nucleotide sequence of lambda hH3 is shown 
with the predicted amino acid sequence given above the 
long open reading frame* A short open reading frame in 
the 5' untranslated region is shown in bold type. 

The clone lambda hU3 was isolated from a human 
heart lambda gtll cONA library (gift from Or. L.A. 
Leinwandf Albert Einstein Col. of Med.) using a 
nick-translated 700-bp EcpRi-sm^r fragment representing 
the 5' portion of lambda hKAl. Hybridization and 
washing conditions and sequencing strategies were as 
described in Pig. v-l(A) and (B) for the screening of 
the human kidney library. 
Fitfure V-1, 

Amino acid sequence comparison between the 
carboxy-terminal regions of hEAJU, h£RR2/ the human 
oestrogen and glucocorticoid receptors. The four amino 
acid sequences were aligned foe maximum homology by 
introducing gaps as indicated by hyphens. Numbers were 
taken from rigs, V-1(B)-1 and V-l(B)-2 and V-2|B)-1 and 
V-2(B)-2 for h£RRl and h£RR2r from Figure 1-2 for hGR 
and Green, et al.2 for h£R. Amino acid residues 
mitcht;d in at least three of the polypeptides are 
boxed. The asterisk above cesidue 206 of h£RRl 
indicates the position of the histidine residue present 
in tne hER sequence but absent in both h£RRl and h£RR2 
sequences. 
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f'tflure Y-4 (A) And (Bl > 

Northecn blot hybridization analysis of h£RKl 
(A) and h£RA2 (B) mJlNA's in cat and human tissues* 
rifliirp Y-4 fAl flnd (81 f1ftthfld.i> 

Total ANA was Isolated from various tissues 
using guanidine tiocyanate28, separated on l\ 
agarose-f ocmaldehyde gel^ transferred to 
nitrocellulose/ and hybridized under stringent 
conditions using a nic)c-*translated £uaAI*£imAl fragment 
from lambda hKAl (a) and a nick-translated 1192-bp 
££iiRI-ilJLndIII fragment from lambda hH3 (b) • Twenty 
micrograms of total RNA was used in all lanes. 
Migration of ribosomal RNA's (28S and IBS) are 
indicated for size markers. The nitrocellulose filters 
were autocadiographed at -70OC with an intensifying 
screen foe 24 h (a) and 6 days (b). Apparent 
difference in migration rate of the mRNA in (a) is an 
artifact from the gel. 

Schematic amino acid comparisons between h£KRl 
and h£RA2/ h£R/ hGA and human thyroid hormone receptor 
(hT3A beta). Amino acid sequences have been aligned 
schematically according to the functional domain 
structure of the steroid and thyroid hormone receptors 
superfamilyl4. The percentage of amino acid identity 
of each receptor with h£KiU. is indicated inside each 
domain. The amino acid position of each domain 
boundary is shown for each receptor. 

V, T. RKPF.RgWrpc; pppppppn 
IM F.XPRRfMENTAf. qpPTTnM y 

1. Hollenbecg, 3.M., et al., ILltULfi/ 318i635-641 
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FiXPflRIHRMm fiRCTTQN VI 
A c-fiin-A BINDING SITE IN THE RAT GROWTH HORMONE 
GENE MEDIATES TRANSACTION B7 THYROID HORMONE 
VT, A, TNTRQPnCTIQN 
The substance l|3f3-tcilodothyconlne (T3) 
stimulates growth hocmone gene transcription in rat 
pituitary tumor cells^^^. This stimulation is thought 
to be mediated by the binding of nuclear T3 receptors 
to regulatory elements 5' to the transcriptional start 
site^'^* Understanding of the mechanism by which 
thyroid hormone activates gene transcription has been 
limited by failure to purify nuclear T3 receptors 
because oC their low abundance^ and by the absence of 
defined T3 receptor-DNA binding sites affecting T3 
regulation. Recently r human and avian c^&xh^h gene 
products have been shown to bind thyroid hormone with 
high affinity (aoa Experimental Section IXIr which has 
been published as ref. 10; also oaa ref 9) and to have 
a molecular weight and nuclear association 
characteristic of the thyroid hormone receptor. In the 
present study, we describe the development of an 
avidin-biotin complex DNA-binding assay which can 
detect specifici high-affinity binding of rat pituitary 
cell T3 receptors to the sequence S'CAGGGACGTGACCGCA3*# 
located 164 base pairs S' to the transcriptional start 
site of the rat growth hormone g$ne« An 
oligonucleotide containing this sequence transferred T3 
regulation to the herpes simplex virus thymidine kinase 
promoter in transfected rat pituitary GC2 cells, and 
specifically bound an la vi^ra translation product of 
the human placental e-^rh-A gene* The data provide 
supporting evidence that human c^tLhrh gene mediates 
the transcriptional effects of T3 and also that GC2 
cell nuclear extracts contain additional factors that 
modify the binding of pituitary T3 receptors to the rat 
growth hormone gene T3 response element. 
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Vt. B- CHMtACTEttI2ATTQM OP RAT GROWTH HORMONE 

To Identify the £la-actlve element In the 
growth hormone (GH) 5' flanking genomic sequence 
necessary foe Tj regulation we used a aeries of 
5 '-deleted fragments of the rat GU gene, fused to the 
bacterial chloramphenicol acetyltransf erase (CAT) gene 
and transfected into rat pituitary GC2 cells (Pig. 
VI-l(A)). A 5* deletion to -235 to the transcriptional 
start (CAP) site transferred regulation to T3 
{4.6-foldr Fig, VI-l(A)), equivalent to constructions 
containing 1.7 kilobases (kb) or 307 base-pairs (bp) of 
S'-flanking rat GH information (data not whown), in 
agreement with previous studiesS#6. (Nucleotide 
positions are numbered relative to the CAP site, 
negative position numbers being 5' to it.) Deletions 
containing less than 23Sbp of S'-flanking GH 
information could not be assayed for T3 induction 
because the levels of CAT expression in the absence of 
T3 were not significantly above background. To 
overcome this problem, a rat prolactin enhancer 
elemental was fused proximal to fragments of the rat GU 
gene containing IBl and 110 bp of 5' flanking 
information. The 5 '-deleted fragment extending to 
position -181 gave 2.6-fold induction by T3 and further 
deletion to position -107 from the CAP site abolished 
T3 regulation (Pig. Vl-l(A)). 
(bl CAT ENZYMATIC AfifiAY 

To assay 3' deletions, fragments of the rat Gh 
gene were fused to the herpes simplex virus thymidine 
kinase (HSV tk) promoter. A fraament of the Gh gene 
cxwcnding from position -235 to position -45 from the 
CAP site produced 2.5- and 2.3-fold stimulations of CAT 
activity when fused to the lit promoter in native and 
inverse orientation, respectively (Pig, VI-l(B)). A 
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90-bp fragment extending from positions 235 to 145 bp 
from the GH CAP site transferred T3 regulation even 
more efficiently than the 235-45 bp fragment, dud 
suggests that a negative T3 regulatory element might be 

5 located between 43 and 145 bp from the CAP site (fig. 
1(A)), CAT messenger RNA was analyzed by a prim^fr 
extension technique ^2 to determine whether or not the 
T3-dependent stimulation of CAT activity which was 
observed in cells that had been transfected with 

10 plasmids containing the JLL promoter ttssulted from an 
increase in appropriately initiated transcripts. The 
235-45 bp GH fragment fused to the tJi^ promoter gave an 
increase of about 4-£old of correctly initiated CAT 
mRNA in the presence of T3 (Fig. VI-l(C))r a result 

15 consistent with the observed CAT activity measurements, 
fgi AVTprM^BiQTtM mMPt.gx PNA^RfMnrMr, a<;<;ay ixnrn 

ASSAyi 

To define further the sequences needed for T3 
regulation, it was necessary to document specific 

20 binding of nuclear T3 receptors to the growth hormone 
T3 regulatory element. Because attempts to map the T3 
receptor binding site by gel shift and footprint- ing 
assays were initially unsuccessful, a new assay to 
detect specific binding was devised, the avidin-biotin 

25 complex ONA*binding (ABCO) assay. Dcuble-str anded 
oligonucleotides were prepared.- containing the 5* 
flanking region of the GH gene necessary for T3 
regulation, with biotin-ll-dUTP at various positions, 
as shown in Pig. VI-2(A). Initially a 77-bp 

30 oligonucleotide (G209-146), containing the genomic 
growth hormone sequence from positions -209 to -146, 
was ujed. T3 receptors from jC2 nuclear extracts were 
labeled to high specific activity with 125x-T3 and 
incubated with this biotinylated oligonucleotide. 

35 Protein-DNA complexes were precipitated from solution 
after che binding reaction, using streptavidin 
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conjuqated to agacose beads. It can be seen In Fig. 
<'r-2(B) that probe G209-146 resulted in the precipita- 
tion of 6,900 c.p.m. of I251-T3 activity. This 
represents the binding of about 3.2 fraoi of T3 receptor 
and accounts for '40% of the total T3 receptor present 
in the binding reaction. Precipitation of 
125x-T3-labeled receptors was probe-dependenti <15% of 
total precipitated 125i«t3 radioactivity was recovered 
in the absence of G209-146t Addition of a 100-foid 
molar excess of unlabeled T3 reduced the precipitated 
i2Sx-X3 to background levels (Fig. VI-2(B)), indicating 
that the T3 binding protein that was being precipitated 
by the probe was present in limited amounts. The 
equilibrium binding constant for the T3 receptor*ONA 
complex was estimated to be 1.4 x IO'^h (data now 
shown) . 

To investigate whether the precipitation of 
labeled T3 receptors by G209-146 was dependent on 
specific rat GH sequences, a series of biotiiiylated 
probes were prepared that had no apparent sequence 
similacity to the growth hormone enhancer but which 
were the onme length as G209-146 and contained the same 
number of biotin-ll-dUTP residues. As shown in Fig. 
VI-2(B), the addition of 100 fmol of each probe to GC2 
nuclear extracts gave no measurable precipitation of 
i2Sx^T3. This indicates that the precipitation of 
i25£^t3 by G209-146 is dependent on the rat GH sequence 
contained in the probe. 

(d\ FDOTPRlNTIMn AMArvgrg 

Although early attempts to localize a T3 
receptor binding site using conventional footprinting 
technicues were unsuccessf ul# variation of buffering 
conditions in the ABCO binding assay suggested that a 
footprint might be achieved with crude nuclear extracts 
if salt and pH conditions for ONA binding were optimal 
(data not shown). End-labeled fragments of the GH 
enhancer were incubated with GC2 nuclear extracts and 
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digested with ONaae I« PAGE analyaia o£ the digest 
under denaturing conditions (Fig, vr-3) gave two 
footprints, described previousiy^^ ,14; q[ th«;se is 
shown, together with a 16-*bp protected region in the 

^ antisense strand between nucleotides -179 and -164. 

This sequence/ which in the sense strand corresponds to 
5' CAGGGACGTGACCGCA 3S is contained in the 
oligonucleotide probe shown to specifically bind T3 
receptors, and corresponds in position to a previously 

10 identified Tj-dependent ONase-l-hyperaensi tive site^^. 
A clear footprint could not be detected in the sense 
strand itself, mainly because o£ incomplete digestion 
by ONase l in this G-rich region* 

VI, C, FUNCTIQMALITY OF T3 nr.TnONUCr.gnTT HE 

13 To examine the function of this sequence in T3 

regulation of the GH gene, si te*-directed mutagenesis 
was used to delete 11 bp of the footprint from the 
wild-type enhancer (mutant G delta 166/1^7). Addition 
of T3 to cells transfected with mutant G delta 166/177 

20 fused to the JJiL promoter had no effect on the amount of 
LSlZ expression, although the wild-type enhancer 
stimulated expression ninefold (Tig. VI-l(B)), 
Thu3, removal of the putative T3 receptor binding 
region, identified by oligonucleotide and DNAse I 

25 binding assays, abolished the ability of the GH 

enhancer to confer T3 regulation to the tX promoter. 

To demonstrate that the 16 base pairs from 
positions -164 to -179 constituted a functional T3 
regulatory element, a double-stranded oligonucleotide 

30 was prepared containing this sequence with seven and 
six bases flanking the S* and 3' ends respectively* 
This oligonucleotide was inserted in its native 
orientation proximal to the IX promoter (construction 
G29TK, Fig, VI-l(B)). £A1 expression was stimulated 

35 2.9-fold by T3 in cells transfected with this 

construction. Insertion of three tandem repeats of 
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this sequence (construction G293TK) resulted in a 
£ive*£oId stimulation by Tj, 

The short oligonucleotide used for transfer of 
^ T3 regulation to the promoter {G186-1S3) also 

apecifically bound nuclear T3 receptor binding site in 
G209-146^ but this was discounted using an 
oligonucleotide containing the rat GU sequence from 
nucleotide positions -177 to -235 that failed to bind 

measurable amounts o£ receptors (data not shown). 
Non-biotinylated G209*14€ and G186-1S8 were also used 
to compete for the binding of T3 receptors with 
biotinylated G209-146; the relative affinity of T3 
receptors for G209-146 was two** to three-fold higher 
than G186-»158 (data not shown). The apparent decrease 
in affinity for the shorter probe could result from a 
lack of bases to participate directly in the T3 
receptor binding reaction. This is unlikely^ because 
the limits of the DNase I footprint lie within the ends 
2Q -of this probe. Alternatively ^ GC2 nuclear extracts 
could contain other factors that stabilize the binding 
of T3 receptors to the longer probe. 

These experiments demonstrated that 29 base 
25 pairs of the GR gener containing a l^-*bp footprint 

extending from position -164 to position -179 S' to the 
CAP site^ bound the T3 receptor^ were necessary for T3 
regulation of the rat GU enhancer^ and could transfer 
T3 regulation to the IK promoter. To test whether 
3Q human c-fixh-A also binds to this element^ an jji vIvq 
translation product was labeled with ^Ss.methionine 
(A£fi Experimental Section 1X2). The product migrated 

as a doublet of r^yMti^fm mnl^i^nl^r m;mfl (H^) 48,000 

(48K) and 52K on SDS gel electrophoresis and bound T3 
35 with a of 5 X lO+H (data not shown). The binding 
of the human c^uh^h la ^^^^o translation product to 
the G209-146 and G166-15a oligonucleotide probes 
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containing the t«t GH T3 regulatory element is shown in 
Fig. Vl-4. Both the long and short pcobes bound the in 
yi>ra translation product significantly, but probes 
lacking homology to the T3 receptor binding site o£ The 
GH gene, Buc;h as P-EGP, did not. Based on the 
estimated specific activity of l35sjmethionina present 
in the ia. a^ffQ translation mixture, the binding 
activity shown in Fig. vi-4 corresponds to 1-2 fmol of 
fiiU-A protein. Unlllc. CC2-cell nuclear extracts 
containing IZSi-Tj receptors, the c-tiH-A in XllXfl 
translation product was bound to the same, extent by the 
long and short oligonucleotides. Similar data were 
Obtained using an In icitifl translation product of human 
c-Ui^'L labeled with "Si-Ta (data not shown). These 
results indicate that the c-exfi-A gane product 
specifically binds to the identical T3 regulatory 
sequence that is bound by T3 receptors from GC2 nuclear 
extracts. They provide further evidence that the 
function of the ctXh-L gene product is to mediate the 
transcriptional effects of T3. 

Flug, et al. (1987) recently reported that the 
GH sequence between nucleotide positions -210 and -181 
was essential for the full stimulatory effect of T3 in 
transiently transfected CC cells, and also pointed out 
that this region possessed limited similarity to other 
T3-regulated genes. Our experiments locate the T3 
teceptor-DNA binding site between 164 and 177 bp from 
the CAP site, and also confirm the functional 
importance of the seq.jnce between positions -210 and 
-181 in T3 regulation of the GH gene. This could 
reflect an Increased affinity of the T3 receptor for 
fragments of the GH enhancer which contain this 
upstretm element in xUfl, as we observed In the la 
v<^,Q ONA binding studies using crude nuclear extracts 
as a source of T3 teceptor. That the eili A in Xitxn 
translation product binds comparably to G209-146 and 
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G186-1S8 is consifltene with the possibility that ccude 
GC2 nuclear extracts contain an additional factor (s) 
that binds to the sequence between positions -710 ^nd 
-181 and btabilxzes the binding of the T3 receptor to 

5 its cognate binding site. Cooperative interactions 
between eukaryotlc transcription factors is 
well-establlshedl6-18; in some cases this reflects the 
ability of one factor to alter the DNA-binding affinity 
of another* Such interactions could be important in 

10 the tissue-specific regulation oi thyroid hormone 

action^^^* The ABCO binding assay used here should be 
useful in addressing these questions^ and it is also 
potentially applicable to any ONA-binding protein that 
can be selectively radiolabeled, cither with a labeled 

15 ligand, by chemical modification or by in vitro 
translation with labeled amino acids. 

VT. DgTAILgP DE.qCBTPTrnM QP rintJRR.q 

FiflugR YI-1 fAl , (Bl and (CI > 

20 Thyroid hormone responsiveness of various gene 

fusions containing rat Gfi 5 '-flanking sequences. A, 
Responsiveness of 5* and 3' deletions of the rat QH 
gene. 5 '-deleted fragments of the rat GU gene were 
fused to the CAT gene in a pSV2CAT-based vector^^i in 

25 which the SV40 origin of replication and promoter were 
removed. These constructions were transfected into GC2 
cells and assayed foe responsiveness to T3, Because of 
low levels of basal expression of the nucleotide 
position -107 to +8 and -181 to +8 fragments, the rat 

30 prolactin enhancer (Prl)li, which is not regulated by 
was placed proximal to these elements. The 
illustrated 3 '-deleted fragments were fused to a tJ^ 
promoter fragments extending from position -197 to 
position +54 and placed proximal to the CAT gene in the 

35 same vector. Functional analysis of the putative T3 
receptor binding site. Mutant G delta 177/166 contains 
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a deletion of 11 bases of the T3 ceceptoc binding site 
fcoro 177-166 base pairs from the CAP site. Plasmids 
G29TK and G293TK contain the 28-bp region of the cat GH 
gene that binds the T3 ceceptoc in one and thcee 
^ copies^ cespectively • The effect of T3 was determined 
by dividing the p^ccentage conversion of 
chlocamphenicol in th« presence of 10"^M T3 by the 
peccentage convecsion in the absence of 73, Tciplicate 
plates wece maintained in 101 fetal calf secum stripped 
of T3 by ion exchange chcomatography for two days 
before transfection with teat plasmids using 
DEAE-dextran^l, The cells were treated with hormone 24 
h after transfection and assayed for CAT activity after 
24 h of T3 exposure* Krror limits represent the 
standard error of the mean* Each construction was 
assayed two to five times. A^ represents SV40 
polyadonylation sites. C, Messenger RNA transcription 
initiation site analysis. The diagram indicates the 
33-nucleotide primer complimentary to nucleotides 67 to 
89 of the CAT coding sequence used to determine the CAP 
site of transcripts of plasmids containing the tk 
promoter. GC cells wece transfected with test plasmids 
and hormone treated as described for the experiments 
presented in panels a and b. Primer extension analysis 
was performed on 50 micrograma total RNA. Lanes A and 
3 represent the extension i^oduct from cells 
transfected with a plasmid containing the GB fragment 
extending from positions 235 to 45 from the CAP site 
fused to the tk promoter. Lanes C and 0 represent the 
extension product from cells transfected with a plasmid 
containing the tk promoter Alone. No extension 
products were observed. Tlie products shown in lanes A 
and C were from cells incubated in the absence of T3 
and those in lanes B and 0 were from cells treated with 
T3 at a concentration of 10**^M. Lane £ shows a Hlndlil 
digest of pBR322r used for size calibration (in 
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nucleotides) • 

Flquce YI-1 (All (Bl and fCl i^ftthndfl. 

Conscruction of CAT expcesaion vector^ 
containing b '-flanking sequences of the rat GU gene 
from -1.7 kb to +8 bp of the CAP site has been 
desccibed^^. Pusiona containing the rat prolactin 
enhancer were made by excising this fragment 
(corresponding to rat prolactin sequence nucleotide 
positions 1831-1530) from plasmid pPSS^^ and inserting 
it in reverse orientation proximal to the 5' deletions 
of the growth hormone element* Fusions containing the 
tiSV jcJl promoter were made by excising fragments of the 
GH enhancer from the plasmid GPO (ref. 11) and 
inserting them into the flaatil and £xLl sites of a 
pSV2CAT-ba3ed expression vectors proximal to the tk 
promoter at positions -197 to +54* Alternatively, the 
GU enhancer was placed proximal to the promoter at 
positions -107 to +54 in a pUCS-based vector^O by 
insertion into the £LamHI and polylinker sites. 

Site-directed mutagenesis of the GH enhancer element 
was performed by inserting the fragment from 235*45 bp 
from the CAP site into the BamH i and sites of N13 

mpl8. A 21-base oligonucleotide was synthesized which 
corresponded to antisense GH nucleotides -i88 to -157, 
in which nucleotides -177 to -166 were deleted and 
replaced by an A nucleotide. This oligonucleotide was 
used to delete bases -177 to -166 in the GH enhancer 
using the procedure of Runkel^^. CAT activity was 
determined by radioaasay of methylated chloramphenicol 
derivatives after thin layer chroraatographyJ^^. Primer 
extension was by the method of Elsholtz, et al.l2 

P<ryiirA Vr-t) (A\ fP) 

Oinding of T3 receptors to oligonucleotide 
probes containing biotin-ll-dOTP. A, Schematic 
representation of two oligonucleotide probes used to 
assay T3 receptor binding to GB 5 '-flanking sequences. 
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Heavy linea, synthesized oiigonucieotidea with 
compiementacy J* ends* Tina iinesr bases incorporated 
by filling the 5' overhangs using the large *cagment of 
p ; nrh>*r i^hi a i DNA polymerase* Asterisks^ 
biotin^ll-dUTP residues. Restriction sites for fiimUI 
and a^II are also shown. G209-146 and G186-158 
contain rat GU enhancer sequences with the illustrated 
5' and 3* boundaries. B, Precipitation of iiSi-Xj 
labeled Tj receptors fcom GC2 nuclear extracts by 
10 various oligonucleotide probes containing 

biotin-ll-dUTP. P-EGF, PBl-B, PB2-B, and PB4-B are 
oligonucleotides of 68, 53, 55 and 58 base pairs 
containing 10, 11, 10 and 10 biotin-ll-dUTP' a 
respectively* These oligonucleotides contain 
15 5 '-flanking sequences of the rat prolactin gene that 

lack apparent homology to the rat GH sequence contained 
in G209-186. Precipitations were performed using 100 
femtomole of each probe. Background, representing 125i 
activity associated with streptavldin agarose beads in 
20 the absence of a biotinylated olignoucleotide probe, 
was 1,400 c.p.m. in this experiment. Results are 
plotted as the mean and standard error of triplicate 
points. The experiment is representative of six 
experiments examining the sequence specificity of 
25 125x«x3 binding. 

Isolated nuclei were prepared from rat GC2 
cells according to the technique of Dingham, et al.^^ 
and salt extracted in 0.6 M KCl, 10 mH Uepes, pti 7.9, 
30 0.5 mM dithiothreitol (DTT) , 0.2 mrt EGTA, 20 microM 
ZnCl2 for 30 min on ice. The nuclear extract was 
desalted by gel filtration in buffer A (50 mM KCl, 20 

mM K3PO1, (pH 74.) 1 mM MgCl2, 1 niM beta-mercaptoetaol 
and 20% glycerol) and stored at -70<'C. Assay of 
35 specific binding of T3 to GC2 nuclear receptors was 

performed as described by Samuels, et al.^^ except that 
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T3 binding reactions wert performed In Duffer A in the 
presence of 200 micrograms ml*l poly(dl-dC)« To assay 
ONA binding nuclear extract? were first incubated with 
1 microH l^Si-tj (2,200 Ci mmol-1) for 20 min at 220C to 
label the T3 receptors to high specific activity. 
Aliquots (40 microlitaia) of nuclear extract were then 
incubated with oiotinylated probes in the presence of 
:!00 microliters poly(dl-JC) Izt 40 min at 220C. 
Protein-ONA complexes were precipitated by addition of 
fitreptavidin conjugated to agarose beads (BRL) • The 
agarose beads were pelleted^ washed three times with 
buffer A (1 mi) and assayed for 125i activity. 

F\%\\rf VT-1* 

DNase L footprinting of the rat GH enhancer 
element by GC2 nuclear extracts. A 16-bp protected 
region in the antisense strand is shown. A second 
footprint extending from position -110 to position -40 
from the CAP site is also evident. Lanes A-C# 
Digestion of labeled GH enhancer after incubation with 
GC2 nuclear extract, using 24, 12 and 4 microgram DNase 
I respectively. Lanes D-P, Digestion of labeled GU 
enhancer with 24, 12 and 4 microgram of DNase I in the 
absence of GC2 nuclear extract. Lane G and N, Markers. 
The displayed sequence corresponds to that ol the sense 
strand within the footprinted region. 

The antisense strand of the growth hormone 
enhancer was labeled with 32p-dATF at its 5' end using 
T4 polynucleotide kinase after azu&HI digestion of pGPO 
and treatment with calf intestinal phosphatase. The 
enhancer fragment was released from pGPO by iUial 
digestion and purified by agarose gel electrophoresis. 
Labeled GH enhancer fragment (1 ng, 8 fmol) was 
incubated with 25 microliters of GC2 nuclear extracts 
containing 12 fmol of specific T3 receptor-binding 
activity. The ONA binding reaction was carried but for 
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30 min at 22^0 in Buffer A. ONaae digestion was foe 2 
mln at 22oc using the above concentrations o£ DNase I 
in a final volume of 50-microlitecs# The reactions 
were stopped with 20 microliters 50 mM £OTA and 1% SOS. 
Samples were extracted once with phenol-chloroform/ 
ethanol precipitated, and analyzed by electrophoresis 
on standard 10% sequencing gels* 
Figure VI-4. 

Binding to oligonucleotides containing 64 and 
29 base pairs of S' flanking GH sequence ot rat 
pituitary cell T3 and incubated with 100 fmol G209*146, 
Gia6-158 or P*£GP and assayed for binding aa described 
in Pig. vi-2 (A) and (B) . Also, hc-ciU-A in xLULfl 
translation product (4 microliters) labeled with 
3^S-methionine was arrayed for binding to these 
oligonucleotides in the presence of 10 nM T3* to 
prepare the hc^exli-A in ^^t^^Q translation product, 
capped mP.NA transcripts of an hc-fiiH-A complementary 
DNA were used to program translation in a rabbit 
reticulocyte lysate system^^. Reticulocyte lysates 
programmed with antisense hc-££ii*A niRNA had no 
measurable binding activity to either of the GH probes 
(data not shown) • Results are plotted as mean and 
standard error of triplicate points. The experiments 
shown is representative of three experiments comparing 
the binding of GC2 nuclear T3jreceptor8 to the two GU 
probes and of four experiments examining the binding of 
the hc-Pf h^A jji t/ifcro translation product. 

VT. P. REPRBEMrPfi REFERRED TO TM 
RXPERIMEMTAL j^ECTTOM VT 

Evans, R.H., Rirnberg, N.C., and Roeonfeld, 

M.C., Prng. »aM ■ Ar,H. ^ni . [jr^K. 7917659-/663 



1. 



2. 



(1982) . 

Diamond, O.J., and Goodman, H.M., J. mqIpc. 
niaL. . 181i41-62 (1985) . 



SUBSTITUTE SHEET 



r 
J- 




-mm 







."'•^'■•.•ir'-'/sii*?: 




•ii;:-.- 



1 5'j- 



PCTA-S87/02782 



Splndler, S.R,, Kellon, S.H., and Baxter, 
J.D., -T. H<ni ■ rh»m. . 2 57 1 1 1 6 27 -11 6 3 2 (1982). 
Yaffee, B.M., and Samuels, H.H., J. fliol* 
fhcm. . 259:6284-6291 (1984). 
latsen, P.R.# Harney, J.W., and Moore, O.D., 
T. R(ni ■ fh,im.. 261 1 14373-1 43 7 6 (1986). 
riu4, F., et al., -T- B<fti ■ rhiim. . 
262:6373-6382 (1987). 

Casanova, J., Copp, R.P., Janocko, L. , And 
Samuels, H.H., .T- Htm . Ch>m.. 260:11744-11748 

(1985) . 

Crew, H. , and Splndler, S.A., -t. fllnl. Chpm. . 
261:5018-5022 (1986). 

Sap, J., et al., MtULAt 324:635-640 (1986). 
Weinberger, C, et al., MtUUii 324:641-646 

(1986) . 

Nelson, C, et al., Nflruff , 322:557-562 
(1986). 

Elsnoitz, H.P., et al., £cl£a££, 234:1552-1557 

(1986) . 

West, B.L., et al.# Mol^e. CfW. Biol.. 
7:1193-1197 (1987). 

Ca^anzaro, D.P., West, B.L. , Baxter, J.O., and 
Reudelhuber, T.L., Hfllec, EndQ», 1:90-96 

(1987) . 

Nyborg, J.K., and Splndler, S.R., J. biqI. 
rham. . 261:5685-5688 (1986). 
Topol, J,, Ruden, D.M.,.and Parker, C.S., 
Qell, 42:527-537 (1985). 

Reinberg, 0., Berlkeshi, H., and Roeder, R.J., 
■T. Bi»i. rs,m.. 262:3322-3330 (1987). 
McKnight, S., and Tjian, R., Ztllt 46:795-805 
(1986) . 

Gorman, CM., Moffat, L.F., and Howard, B.H. , 
M»i,r, r^^^. H<r.i.. 2:1044-1051 (1982). 



r 1 : - ■ ■; . 



IBW 




m 




WO M/03168 



22. 



23. 



10 



IS 



20 



•137- 



PCT/USM7/02782 



Llnney, and Ooncrly, S-, ££ja. 35i693-699 
(1983). 

KunKel, T. # Pr if i Nfltl , Arflfi . Fri i USA > 
82s488-492 (1985) • 

Dinghajn# J.D.# LebovitZr R.M.# and Aoeder# 
R,G., Niirlfir ftrlriff, RP«>i lltl475-1489 
(1983) . 

5amuels# li»H.# Taai, J«S*# Caaanovar J.# and 
Stanley, P.r ^t. rn». Tftupin.^. 54:853-865 
(1974). 



■ I* 



MB 




PCT/US«7/ftK82 



10 



15 



20 



30 



35 



PXPrgTMgHTAL ^"CTTQN VII 
IDENTinCATION OF A NOVEL THYROID 
HOPMONE RECEPTOR EXPRESSED IN THE 
MAMMALIAN CENTRAL NERVOUS SYSTEM 
VTT. A. .qtJMMAftV 

A complementary DNA clone derived from rat 
brain messenger RNA has been isolated on the basis o£ 
homology to the human thyroid hormone receptor gene. 
EApresaion of this complementary DNA produces a 
high-affinity binding protein foe thyroid hocmones« 
Sequence analysis and the mapping of this gene to a 
distinct human genetic locus indicate the existence c£ 
multiple human thyroid hormone receptors. Messenger 
RNA from this gene is expressed in a tissue-specif ic 
fashion with highest levels in the central nervous 
system* 

VTTi B. IMTnODUCTiaH 
Thyroid hormones are involved in a complex 
array of developmental and physiological responses in 
many tissues of higher vertebrates (1). Their numerous 
and diverse effects include the regulation of important 
metabolic enzymes^ hormones^ and receptors (2}« The 
actions of thyroid hormones are mediated through a 
nuclear receptor* which modulates the expression of 
specific genes in target cells (3-5). These properties 
are similar to the interactions of steroid hormones 
with their receptors and ace consistent with the recent 
observation of structural relatedne>s between steroid 
and thyroid hormone receptors Experimental Section 

III) . 

VTf. g- inni.hTinH QP a fiECOMP THVRnTn RECgPTOR PMA 

Despite the diversity of thyroid hormone 
actionr it is generally accepted that thyroid hormone 
function occurs through a single h/ gh-af f ini ty nuclear 
receptor. However, the recent characterization of the 
thyroid hormone receptor as the cellular homolog of the 
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v-ftill-A oncogene product (aftft Experimental Section 111 
and cef. 7), along with the previous identification o£ 
multiple c-fiiH-A genes on human chromosomes 3 rid 17 
( ggft Expecimental Section III and ref. 3)/ suggests the 

5 existence o£ multiple thyroid hormone receptors. To 
examine the possibility that the mechanisms underlying 
the multiple thyroid hormone responses may be derived 
frcra the expression of structurally distinct tnyroid 
hormone receptors^ we have isolated a complementary DNA 

10 (cDNA) clone that encodes the product of one of these 
related loci. 

A putative neuronal form of the thyroid 
hormone receptor was isolated by screening a cDNA 
library prepared from rat brain messenger RNA (mHNA) 

15 with a 1500-bp fragment of the human thyroid hormone 

receptor cDNA. (Sea Experimental Section III which has 
been published as ref. 6.) From "lO^ phage, three 
positive clones were isolated, and the complete 
nucleotide sequence of the largest of these, rbeAl2, 

20 was determined (Fig. VII-l(B)). The sequence is 2079 
bp long and contains a long open reading frame of 1230 
bp with a potential initiator methionine at nucleotide 
position 325 and a terminator codon at position 1554. 
This open reading frame is preceded by a 5* 

25 untranslated region o£ at least 320 bp that contains 
three short open reading frames upstream of the 
putative initiator methionine'and encodes a protein of 
410 amino acid residues^ with a calculated molecular 
mass of 45 IcD. 

30 VTT, n. rOMPARISQN O P THE gECONn THYROID 

R prKPTOR WTTH nTHRR gMHWM TH YPflTP PPrFPTnff PROTEIMS 

Comparison o£ the deduced amino acid sequence 
from rbeA12 with that of the human thyroid hormone 
receptor (a&a Experimental Section III) reveals that 
35 the two proteins have distinct amino termini (Fig. 
VII-2) . The first 41 amino acids of the neuronal 
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protein and the £icit 90 amino acida o£ trie human 
thyroid hormone receptor show no significant homology 
whereas the carboxyl terminal 367 amino acids share 75% 
nucleotide and 821 amino acid identities. The rat 
protein is m-ce related to the chicken thyroid normone 
receptor (7) both in predicted size and homology, and 
shares 821 nucl20tide and 89% amino acid identity. For 
reference, the chicken thyroid hormone receptor Is 
designated alpha (cTR alpha) because of its homology to 
previously isolated fxb-A genes (8), and the human 
thyroid hormone receptor is designated beta (hTR beta). 
Because the rat neuronal form is more related to the 
chicken receptor, it has been designated alpha (rTR 
alpha) • 

By analogy to the steroid hormone receptors, a 
cysteine-rich region in the thyroid hormone receptor is 
predicted to be the DNA-binding domain 
Experimental Sections III and II; also Aiic rcf. 10). In 
this region, the rTR alpha protein has 97% amino acid 
identity with the cTR alpha protein and 90% amino acid 
identity with the hTR beta protein. The proteins are 
also well conserved in the carboxyl terminal portion 
that is presumed to be the hormone-binding domain, 
again by analogy with the steroid receptors 
Experimental Section III also Afifi cef. 11), This 
region of rTR alpha shows 94% amino acid identity with 
cTR alpha and 65% amino acid identity with hTR beta. 

VJT P, TnrMTTFTrATTnM O F THg MEW THYROID RLCEPTQfl 

On the basis of the sequence data, it appears 
that the cDMA we havi» isolated encodes a protein 
different from the previously characterized human 
thyroid hormone receptor {&£JL Experimental Section 
XXI). To demonstrate that the neuronal clone is a 
distinct gene product, rbeA12 was used to identify 
human homologs by Southern blot and chromosome 
analyses. Human placenta DNA digested with various 





restriction enzymes was separated on an agarose gel^ 
transferred to nitroce llulose# and hybridized with 
either rat or human TR-specific probes derived from 
overlapping regions of their respective genes (Fig. 
VII-3 (A) and (B) ) . Different hybridization patterns 
were revealed for all of the restriction enzymes 
tested, which indicates that the two cONA's represent 
distinct genes. The same probe from the rbeA12 was 
hybridized to laser-sorted chromosomes prepared from 
human lymphoid cells (Fig, VII-3 (O). Hybridization 
was observed only to chromosome 17# consistent with 
previous mapping studies that localized c-iuLb-A genes 
to human chromosome 17 (8). This distinguishes rTR 
aJpha from hTR beta, which is found on human chromosome 
3 Expecixental Section III). 

Expression studies were performed to determine 
whether the rTP. alpha cONA encodes a functional 
receptor protein. The product of the rTR alpha gene 
was first characterized by in vitro transcription 
followed by in ^fi^ro translation* For in YitCQ 
transcription, the £caRI insert of rbeA12 was linked to 
the bacteriophage SP6 promoter by subcloning into the 
expression vector pGEMl. A second consttuction, 
rbeA12B, was created in an attempt to increase the 
efficiency of translation. The S* untranslated region 
up to nucleotide position 97~was deleted, which removed 
two of the three short open reading frames in this 
region. Transcripts synthesized with SP6 polymerase 
were translated in 2liJJl with rabbit reticulocyte 
lysates, and the (35s]inethionine-labeled products were 
analyzed on an SDS-polyacrylamide gel (Fig. VI.:-4(A)). 
Four proteins of approximately 52, 48, 3S, and 33 kO 
were observed only when the sense strand was 
translated. The same four ijanda were observed for 
rbeA12 and rbeAl2B. These translation products were 
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then used to test thyroid hormone tindLnq. 

VTT. n- HfiRMnrir rimhimc: smnrr^ 

Thyroid hormone binding was measured wiua 
(125ij3^5^3i^trilodo-L-thyronine (I2S1-T3). Only 
samples that contained the rTR alpha specific proteins 
exhibited T3 binding. Bormone affinity was determined 
by Scatchard analysis^ whici gave a dissociation 
constant {K^) of 2.9 x IQ-i^M (Fig. VII-4(B)), similar 
to the observed for the hTR beta protein (5 x 
10-11m) (4# 5) and an order of magnitud'! lower than 
that determined for the cTR alpha protein (2,1 x 10-10 
to 3.3 X 10-IOm) (afift Experimental Section III). The 
different values obtained may be due to differences 
in the assay systems used. In competition experiments^ 
the rTR alpha proteins translated la vit^rg showed the 
same characteristic affinities for L-T3 and L-thyroxine 
(L-T4) as the hTR beta protein but revealed a different 
pattern for 3,5 • /3 •-trilodothyroacetlc acid (TRIAC) 
(Fig. VII-4(C)). TRIAC competed better for T3 binding 
with the hTR beta protein/ whereas it competed about as 
well at T3 for binding to the rTR alpha protein. As 
with the hTR beta and cTR alpha proteinsr there was no 
competition for T3 binding to the rTR alpha protein by 
excess aldosterone, estrogen, progesterone, 
testosterone, or vltanin 0^. Thus, it appears that we 
have isolated a thyroid hormone, receptor with binding 
properties similar to but not identical to those of the 
thyroid hormone receptors previously described t ^^a 
Experimental Section III and ref. 7). 

VTT. H- TTSflHE fiPRriPTrTTY QTTinrrc 

The tissue specificity of metabolic responses 
to thyroid hormone led us to consider that this thyroid 
hormone receptor might be expressed in a restricted set 
of tissues. Therefore, the pattern of expression of 
the rTR alpha ^^ene was determined hy Northern blot 
analysis (Fi'^. VII-5) . Total RNA isolated from various 
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rat tiSBuca was separated on a formaidehyde-agarose 
gel, transferred to nitrocellulose, and hyDridized to 
the same fragment o£ rbeAl2 used for the Southern blot 
analysis and chromosome mapping. A 2.6-kt) RNA was 
observed in ^11 tissues tested except liver. Tnis 
message is also present in pituitary and muscle and is 
expressed in GC, rat-1, and PC12 cell lines. 
Densitometric scanning indicated that the level of 
expression o£ rTR alpha was 10- to 20-fold as high in 
brain as in any other tiMue tested. Two additional 
RNA's of approximately 5.0 and 6.0 kb are present in 
about equal amounts in all tissues, although they are 
much less abundant than the 2.6-lcb message. These 
bands may represent precursors of the 2.6-kb message or 
may be products of a related gene. 

vrr. T- nT gnigfitc?i ftyn rnMrrngrnMg 
The isolation of a second mammalian thyroid 
hormone ceceptur is surprising because previous 
biochemical studies have not predicted the existence of 
more than a single receptor for thyroid hormones. In 
retrospect, much of the clinical and physiological 
studies can be interpreted as indicating the existence 
of multiple receptors. A form o£ functional 
heterogeneity has been suggested by the identification 
of patients with familial thyroid hormone resistance in 
which peripheral response to thyroid hormones is lost 
or diminished, while neuronal functions are maintained 
(12, 13). Furthermore, sever* developmental effects 
associated with low circulating thyroid hormone levels 
(cretinism) have been classified into types severely 
affecting the nervous system and those more 
dramatically affecting peripheral functions (13, 14). 

In addition to demonstrating the existence of 
structurally distinct forms cf the thyroid hormone 
receptor, the form that we have characterized is 
expressed at high levels in nhe rat central nervous 
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system. Pteilminary studies utilizing in nu 
hybridization have rrvealed high levels of expression 
in the hippocampus, hypothalamus, cortex, and amygdala. 
RNA hybciJizatlon studies Indicate exceptionally high 
5 levels in the cerebellum as well. Although it is known 
that thyroid hormones play a critical role in early 
brain development (14), this high level of expression 
is unexpected because biochemical studies have shown 
that brain has fewer thyroid hormone receptors than 
10 many other tissues (5, 16), and the adult brain is not 
responsive to thyroid hormone by traditional phosphate 
dehydrogenase activity (17). 

The second interesting result from the 
expression studlies is that this transcript is not 
15 present in liver, which is the tissue from which 

thyroid hormone receptors usually have been isolated. 
This absence suggests the existence of yet another form 
of the thyroid hormone receptor. This proposal would 
be consistent with the data of Underwood, et al. (18), 
20 which indicates the existence of pharmacologically 

distinguishable thyroid hormone responses between liver 
and heart, curthermore, data from DNA hybridization 
studies indicate the existence of multiple genetic loci 
that hybridize with the cDNA clones for the mammalian 
25 thyroid hormone receptor and suggest that there may be 
as many as five different related loci (aaa 
Experimental Section III an^ ref. 8). It seems likely 
that some of these loci will encode additional 
functional molecules, which leads us to propose the 
30 existence of a family of thyroid hormone receptors that 
coordinately regulate overlapping networks of genes to 
control developmental and homeostatlc function. 

VII. .1. nFTATT.rn PF,<;rpTPTTnM np PTnnflP.<; 

REFKRRKD TO TM P^PFRTMPMTA L SectTHM VT T 

35 FtQur^ vrr^i (a\ ,^nH /u] 

Restriction map and nucleotide and predicted 
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amine acid sequence of thyroid hocmone receptor cDNA 
from rat brain. (A) Schematic representation o£ 
thyroid hormone receptor cONA from rat brain; some 
common restriction endonucieaae cleavaqe sites are 
indicated* The hatched box indicates the predicted 
coding region. The SOO*bp Pvu t r fragment 
(corresponding to nucleotide positions 607 to 1113) 
used for the hybridization studies is represented by 
the solid bar below the restriction map. (B) The 
complete nucleotide sequence of rbeAl2 is shown with 
the predicted amino acid sequence given above the long 
open reading frame. The three short open reading 
frames in the 5' untranslated region are shown in bold 
type with termination codons underlined. Clone rbeAl2 
was isolated by using the entire i^caRi insert of pheA4 
(Sigma) as a nick-translated probe to screen *10^ phage 
from a rit brain cuNA library obtained from J. Arriza 
(19). Three positive clones were isolated^ and the 
complete nucleotide sequence of the largest of these^ 
rbeAl2f was determined on both strands by the chemical 
cleavage method of Naxam and Gilbert (20). 

schematic comparison of the rat thyroid 
hormone receptor (rTR alpha) protein with the human 
thyroid hocmone receptor (hTR beta) and chicken thyroid 
hormone receptor (cTR alpha) proteins. Numbers above 
the boxes indicate amino acid residues; numbers inside 
the boxes indicate the percent amino acid identity 
within the enclosed region with the rTR alpha protein. 
DNA designates the putative ONA-binding domain 
predicted by analogy with the r.uman glucocorticoid 
receptor (amino acids 421 to 4 86 of the human 
glucocorticoid receptor) # while T3/T4 designates the 
putative hormone-binding domain. 
Figure vrT-l fA) , fni and IC\ . 

Southern blot analysis and human chromosomal 
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localization of the rTR alpha gene. Hunan placenta DMA 
wa3 digested with various ostriction enzymesr 
aepacdted on a O.dl agaroee gel# transferred to 
nitrocellulose^ and hybridized to either a SOO-op pvuii 
5 fragment from rbeAl2 (A) or a 450-bp £a£I fragment from 
hTR beta (fi£ft Experimental Section III) that 
encompasses the ONA-binding rogion (B) • Both blots 
were hybridized in 50% formamide, S x SSPE (O.ISN NaCl, 
O.OIH NaH2P04, O.OOIM EOTA) ^ 1 x Denhardt's solution, 
10 0«1% SOS, and salmon sperm ONA (100 micrograms/ml) at 
and washed in 2 x SSC (standard saline citrate) 
and 0.1% SOS at 680C. Sizes of lambda iliiidlll markers 
in kilobase pairs are indicated (C) • Chromosome 
mapping of the rTR alpha gene* Human lymphocyte 
15 chromosomes were separated by laser cy tof luorometry 

(21) and hybridized under the same conditions as above 
with the 500-bp £uiuXX fragment of rb^Al2. 
Flflurft Vri"4 (A), (Bl And fP > 

In vitro translation and thyroid hormone 
2C binding of rTR alpha (A) rTR alpha was transcribed Ul 
vitro and trans* <ited in a rabbit reticulocyte lysate. 
The [^^Slmetnionine-labeled products were separated on 
a 7.5% SOS-polyacrylamida gel and visualized by 
fluorography . Lane 1, no added RNAi lane 2, rbeA12# 
25 which contains the entire S* untranslated region; lane 
3# rbeA12af which contains only 97 bp of S' 
untranslated sequence. Sizes of protein markers: 
bovine serum albumin, 66.2 RO; ovalbumin, 45 kO; 
carbonic anhydrase, 31 kO. (B) Scatchard analysis of 
30 125i-t3 binding to in jLLtm translated rTR alpha 
Lysates containing in ^itm translated rbeA12B 
transcripts were assayed for specific thyroid 
hormone-binding activity by measuring the amount of 
hormone bound at different concentrations of 
35 125x.T3-Rd- 2.9 x lO'^^M. (C) Competition of thyroid 
hormone analotjs foe i2jx-x3 binding to in vitro 
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translated cTR alpha. Samples from rbeA12B programmed 
lyaates were mixed with increasing concencrations of 
unlabeled thyroid hormone or analogs to compete with 
labeled hormone. Specifically bound is plotted 

versus concentration of competitor compound* The same 
competition pattern was obser d in four separate 
experiments, la transcr ip^^on and translation 

and hormone binding were performed as described {22, 
23). Open circles represent TRIAC; solid circles 
represent L-T3; solid triangles represent L*T4* 

Tissue distribution of rTR alpha mAHA. Total 
RNA was isolated from various rat tissues with 
guanidine thiocyanate (24) r separated on a II 
agarose*formaldehyde gel# transferred to 
nitrocellulose^ and hybridized with a nicK*translated 
5C0-bp £iaill fragment from rbeAl2. The tissue type and 
the amount of total RNA loaded are indicated above each 
lane, A cONA of CHO-B# a Chinese hamster ovary cell 
mRNA expressed at equivalent levels in all tissues 
examined (25) # was used as an internal standard. 
Positions of 28S and IBS ribosomal RNA are indicated. 
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Lebo, R.V. et al., £ci£ACft, 225:57 (1984). 
Krieg, P. A. and Melton, O.A. , Niirlrtc Acida 
EtA^t 12i7057 (1984); Hollenbecg, S.M. et al., 
lLitU££, 318:635 (1985). 

For in vttfQ transcription, the entire £caRI 
insert of rbeA12 was cloned into pGEMl 
(Piomega Biotec). A second construction 
deleting 227 bp of 5' untranslated sequence. 
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rbeAl2B, was made by inaerting the T4DNA 
polymerase-f illed R^l-Sml fragment o£ rbeAl2 
(nucleotide position 227 to the polylinKer) 
into the SfliAl site of pGEM3. For thyroid 
hoik.one binding^ transcriptions were performed 
with SP6 polymerase and 5 to 10 micrograms of 
tb<;A12B linearized with Transcripts 
were purified by P60 chromatography and 
translated in ISO to 200 microliters of rabbit 
reticulolyte lysate (Promega Biotec) in 
conditions suggested by the manufacturer. 
Thyroid hormone binding for both the Scatchard 
and competition analyses were determined in 
the same manner r except that unlabeled protein 
was used for the Scatchard analysis. 
[^2^1 ] 3 f 3 * iTriodothyronine (New England 
Nuclear^ 2200 Ci/mmol# 0«3nH final 
concentration) was mixed with rTR alpha 
polypeptides synthesized in Mif^ra (S to 8 
microliters o£ the 200 microliters of lysate 
per binding reaction) in T3 binding buffer at 
QOQ for 2 hours in a final volume of 250 
microliters. Specific hormone binding 
determined by adding a 1000-fold excess of 
unlabeled hormone and assayed by counting 
radioactivity eluting in the excluded volume 
from a Sephadex G-25 fine (Pharmacia) 0«9-by 
4.0-*cm. column* 

ChirgWinr J*M* r Przbyla# A,r., MacOonaldf 

R«J«> RUtter^ W«F.# Rlnehi*mtftt>ry. 18:5294 
(1974). 

Harpold^ M.N.f Evansr R.N.i 
Salditt-Goeorgief f # M. » Darnellr J.E.# 
17il025 (1979). 
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from the foregoing description^ one of 
ordinary skill in the art can understand that the 
present invention provides substantially pure TNA's 
comprised of sequences which encode proteins having the 
hormone-binding and/or transcription-activating 
characteristics of a glucocorticoid receptor^ « 
fflineralocorticoid receptor # or a thyroid hormone 

Q receptor. The invention also provides various plasmida 
containing receptor sequences which exemplify the DNA's 
of the invention* Exemplary plasraids of the invention 
have been deposited with the American Type culture 
Collection for patent purposes. 

5 The invention is also comprised of receptor 

proteins, including modified functional forms thereof^ 
expressed from the ONA's (or mANA's) of the invention. 

In addition to novel receptor ONA, WM and 
protein compositions^ the present invention involves a 

Q bioassay for determining the functionality of a 

receptor protein. It also Involves two new methods for 
producing desired proteins in genetically engineered 
cells. The first is a method foe inducing 
transcription o£ a gene whose transcription is 

5 activated by hormones complexed the receptors. The 
second is a method for engineering a cell and then 
increasing and controlling production o£ a protein 
encoded by a gene whose transcription is activated by 
hormones complexed with receptor proteins. 

Q The DNA*s o£ the invention can be used to make 

the hormone receptor proteins, and functional modified 
forms thereof, in quantities that were not previously 
possible. With the quantities of receptor available as 
a result of the present invention^ detailed structural 

^5 analyses of the proteins can now be made by using X-ray 
diffraction methods to analyze receptor crystals. In 
addition, adequate supplies of the receptor proteins 




WO 



PCT/L'S87/02:>«2 



Jt<5il. 



10 



15 



mean that they can now be used to screen compounds for 
receptor-agoniata or receptor-antagoniat activity. 
Availability of the receptor proteins also means that 
they can be used in diagnostic assays* 

Without departing Irom the spirit and scope of 
this invention^ one or ordinary skill can make various 
changes and modifications to the invention to adapt it 
to various usages and conditions* As such^ these 
changes and modifications are properly^ equitable^ and 
intended to ber within the full range of equivalence of 
the following claims* 
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ANIIEX HI 



MICROORGAMISMS 



A. leivnncATiott 09 otp^mr • 



Enchorichia coil HBlOl 
pRShGR 



AMERICAN TYPE CULTURK COLLECTION 



12.301 Parklawn Drive 

Rockvllle, Maryland 20852 U.S.A. 



September 9, 19^6 



67200 



In respect oL those designations in which a European 
patent is sought » a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application "has been refused or with- 
drawn or is deemed to be withdrawn r only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) CPC) 
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Escherichia col i H01O1 
• pRShMR 



AMERICAN TYPE CULTURE COLLECTION 



12J01 Parklawn Drive 

Rockville, Maryland 20852 U.S.A. 



3eptemb#;r 9, 1986 



67201 



In rospect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication o£ the men* 
tlon of th** orant of the European patent or until the 
rlatc on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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ANNEX H3 



MICROOROANISMS 



Kflchcrlchla coll HUlOl, pc-AlOl 



AMERICAN TYPE CULTURE COLLECTION 



12301 Parklat^ OrivA 

Rockvllle^ Maryland 20Q52 U.S.A. 



October 22, 1986 



67244 



In respect of those designations in which a European 
patent is sought # a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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AMERICAN TYPE CULTURE COLLKCTION 



12301 Parklawn Drive 

Rockville, Maryland 20852 U.S.A. 



December 18 r 1986 



67281 
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In respect ot those d<>dignations in which a European 
patent is sought^ a sample of the fl<>po3ited microorganism 
will be made available until the publication o£ the men- 
tion o£ the grant of the European patent or until the 
date on which the application haa been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requenting the sample. (Rule 28(4) EPC) 
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In respect of those designations in which a European 
patent is sought, a sampie of the deposited microorganism 
will be made available until the publication oC the men** 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EFC) 
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MICROOftGANISMS 



- Esc hcrlchi vi coll 



AMERICAN TYPE CULTURE COLUiCTION 



12301 Parklawn Drive 

Rockvlile, Maryland 208S2 U.S.A. 



January 30, 1987 



67309 



In rospcct of those designationn in which a fciuropean 
p.itcnt 13 sought, a sample of the deposited microorganism 
will be made available until the publication of the men* 
tion of the grant of the European patent or until the 
date on which the application has been refused or with* 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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Escherichia coll 
DH5, pHKA 



AMERICAN TYPE CULTURE COLLECTION 



12J01 P^rklawn Drive 

P.ockvilio, Maryiand 20852 U.S.A. 



January 30, 1987 



67310 
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In respect of those designations in which a European 
rMtont ia :;ought, a sample of the deposited microorganism 
will be made available \intil the publication of the men-* 
^:ion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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Alie H3 



MICROORQAHISMS 



r,rij j„a ru 1. 1 ii m irn 1 1 m 1 1 1 , P^^sntld DMA phERBAS . 7 



AMERICAN TYPE CULTURE COLLECTION 



12301 ParJclawn Drive 

Rockville^ Maryland 20832 U«S*A. 



September 29, 1987 



40374 
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In re3p<?ct of those designations in which a European 
patent is sought^ a sample of the deposited microorganism 
will be made available until the publication of the men- 
tion of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to be withdrawn, only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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ANNEX H3 



MICROORGANISMS 



AMERICAN TYPE CULTURE COLLECTION 



12301 Parklawn Drive 

Rockville, Maryland 20852 U.S.A. 



Sfjptember 29* 1987 



40372 



In respect o£ those designations in which a European 
patent is noughtr a sample o£ the deposited microorganism 
will be made civailable until the publication of the men'* 
tion of the grant of the European patent or until the 
date on which the application has been refused or with* 
drawn or is deemed to be withdrawn r only by the issue of 
such a sample to an expert nominated by the person 
requesting the sample. (Rule 28(4) EPC) 
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WHAT IS CLAIMED ISi 

1. A sudfltantlAlly pure double-stranded ONA 
wherein the sense strand comprises a segment having a 
sequence o£ triplets coding for the primary sequence of 
a protein which has hormone*-binding and/or 
transcclption-activating properties characteristic of a 
hormone receptor selected from the group consisting of 
a glucocorticoid receptor# a mineralocorticoid receptor 
and a thyroid hormone receptor r said doubie^stranded 
ONA segment being capable of being expressed into said 
protein, 

2. A substantially pure ONA according to 
Claim 1 wherein the sequence of triplets in said 
segment codes for the primary sequence of a protein 
which has hormone-binding and/oc 

transcription-activating properties characteristic of a 
glucocorticoid receptor* 

3. A substantially pure ONA according to 
Claim 1 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mineralocorticoid 
receptor • 

4. A substantially pure ONA according to 
Claim 1 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone^binding and/or transcription-activating 
properties characteristic of a thyroid hormone 
receptor. 

5* A substantially pure ONA according to 
Claim 2 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/oc transcription-activating 
properties characteristic of an avian or mammalian 
glucocorticoid receptor. 



•o./l 
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6. A substaiillaily pita ONA accocding to 
Claim 5 wherein the sequence oi triplets in the segment 
codes for the primary sequence of a protein which has 

^ hocmone^binding and/or transcription-activating 

properties characteristic of the human glucocorticoid 
receptor. 

7. A substantially pure DNA according to 

Cli ^.m 3 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mammalian or an avian 
mineralocorticoid receptor. 

8. A substantially pure DNA according to 

^5 Claim 3 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a human mineralocorticoid 
receptor* 

2Q 9. A substantially pure DNA according to 

Claim 4 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 
properties characteristic of a mammalian or an avian 

23 thyroid hormone receptor* 

10* A substantially pure DNA according to 
Claim 4 wherein the sequence of triplets in the segment 
codes for the primary sequence of a protein which has 
hormone-binding and/or transcription-activating 

30 properties characteristic of the human thyroid 
receptor* 

11* A substantially pure DNA according to 
Claim 10 wherein said thyroid hormone receptor is 
selected from the group consisting cf human thyroid 
35 receptor alpha and human thyroid receptor beta* 

12* A plasmid selected from the group 
consisting oft pRShGR alpha (ATCC « 67200), pRShMR 
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(ATCC t 67201), peAiOl (ATCC » 67244), rbe A12 (ATCC # 
67281), GMCAT (ATCC •67282) PE4 (ATCC » 67309), pHKA 
(ATCC I 67310), phERBA 8.7 (ATCC • 40374), phFA 8 (ATCC 
• 40372, and phH 3 (ATCC » 40373). 

13. A ONA Beiected from the group conaisting 
of pRShGR-alpha (ATCC f 67200), the pRShGR-alpha 
modifications 19, 137, 1102, 1120, 1204, 1214, 1262, 
1289, 130S, 1346, 1384, 1403, 1408, 1422, 1428, 1440, 
1488, 1490, ISIS, 1532, 1550, and 1684. 

14. A ONA segment which has (a) one triplet 
corresponding to a translation stop codon, which is in 
frame with a triplet corresponding to a translation 
start codon and downstream of said snart codon triplet, 
and (b) as longest open reading frame, a substantially 
pure segment with a sequence of triplets coding for the 
primary sequence of a protein selected from the group 
consisting ofs human glucocorticoid ceceptor and the 
modifications thereof expressed from the pRShGR-alpha, 
said modifications being known as modifications 19, 
137, 1102, 1120, 1204, 1214, 1262, 1289, 130S, 1346, 
1384, 1403, 1408, 1422, 1428, 1440, 1488, 1490, 1515, 
1532, 1550, and 1684| human mineralocorticoid receptor; 
human thyroid receptor, and human steroid receptor 
known as hERRl and h£RR2* 

15. A substantially pure ONA according to 
Claim 14 wherein said human thyroid receptor is an 
alpha or beta receptor selected from the group con- 
sisting of ONA known as hERBA 8.7, hFA 8, and peAlOl. 

16. A substantially pure ONA sequence 
selected from the group of ONA sequences consisting of 
the ONA sequences shown in Figures 1*2(1) and 1-2(2) 
(hGR), II1-1(B)-1 and III-l(B)-2 (hTR beta), III-7 (hTR 
alpha), IV-2(B)-1 and IV-2(B)-2 (hMR) , V-1(B)-1 and 
V-l(B)-2 (h£RRl), and V-2(B)-1 and V-2(B)-2 (hERR2) . 

17. A substantially pure primary protein 
sequence comprised of an amino acid sequence selected 
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£com the group consisting o£ the amino acid sequences 
shown in figures III-l(B) (hTR beta) r 1II-7 (hTR 
alpha), IV-2'9) (hMR) , V-l(B) (hERKl) , and V-2(B) 
^^^ERR2) . 

10. A substantially pure DMA encoding human 
mineralococticoid receptor* 

19. A substantially pure DNA encoding human 
thyroid receptor wherein said ceceptor is selected from 
the group consisting of human thyroid receptor alpha 
and human thyroid receptor beta. 

20. A substantially pure ONA encoding 
estrogen*related receptors wherein said receptors are 
selected from the group consisting of h£RAl and h&.AR2. 

21. A ONA having substantial sequence homolo* 
gy with any of the ONA's claimed in any of Claims 1-20* 

22* A mutant of any of the DNA's claimed in 
any of Claims 1*20. 

23* An mRNA transcribed from any of the 
substantially pure ONA sequences claimed in any of 
Claims of 1-20. 

24. A substantially pure protein encoded ty 
my of the substantially pure ONA sequences claimed in 
any of Claims 1-20. 

25* A substantially pure receptor protein 
selected from the group consisting of mammalian and 
avian thyroid receptor , mammalian and avian 
mineralocorticoid receptor, and mammalian and avian 
steroid-related receptors hERRl and heRR2. 

26. A substantially pure thyroid receptor 
according to Claim 25 wherein said thyroid receptor is 
selected from the group consisting of thyroid receptor 
alpha and thyroid receptor bet). 

27. Cells transformed by any of the 
substantially pure ONA*s claimed in any of Claims 1-20. 

28. A bioassay for determining the 
functionality of a hormone receptor (') or an 
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engincered functional modified form (rj thereof wherein 
said functional modified form (rJ has the 
transcription-activatin-j properties of receptor (R) # 
^ and wherein (R) and ir) are encoded by an expressible 
DNA sequence, said bioassay comprising 

(a) cctransf ecting into receptor-negative 
cells a first plaamid comprised essentially of an 
operative hormone responsive promoter/enhancer element 
functionally linked to an operative reporter sene, and 
a second receptor expression plasmid comprised 
essentially of an operative ONA sequence coding for 
hormone receptor protein (R) or a functional modified 

form (r) thereof, 

(b) culturing said cotranaf ected cells from 
step (a} in the presence and absence of a hormone, or 
analog thereof, able to activate said hormone 
responsive promoter/enhancer element of said first 
plasmid, 

(c) monitoring in said cell*: induction of the 
product of said reporter gene DNA sequence^ and 

(d) measuring in said cells the expression of 
and the steroid-binding capacity of the hormone 
receptor protein (R) or functional modified form Ir) 
thereof encoded by said DNA sequence of said second 
plasmid* 

29. A bioassay according to Claim 28 wherein 
said receptor-negative cells are selected from the 
group consisting of CV-1 and tOS cells. 

30. A bioassay according to Claim 28 wherein 
said first and second plasmids also contain the origin 
of replication of SV-40, 

31. A bioassay according to Claim 28 wherein 
said first and second plasmids also contain a 
selectable marKer* 

32. A bioassay according to Claim 28 wherein 
said operative hormone responsive promoter/enhancer 
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element is selected from the group consisting o£ mouse 
mammary tumor virus long terminal repeat (MTV LTV) and 
and mammalian growth hormone promoter, and said 
reporter gene is CAT# 

33. A bioassay according to Claim 28 wherein 
hormone receptor protein (R) is a receptor selected 
from the group consisting o£ glucocorticoid receptor 
(CR), mineralocorticoid receptor (MR) and thyroid 
receptor (TR) • 

34. 2n a cell (C) which contains gene IG) , a 
gene whose transcription is substantially activated by 
hormone {H) , or an* analog (aH) thereof^ when (H) or 
(aH) are complexed with receptor (R) or a functional 
modified form (r) thereof^ and when said 1(H) or 
(aH)/(R) or (r)l complex is bound to a transcriptional 
control element on the chromatin where gene (G) is 
located, a method for inducing expression of gene ^w) 
and consequently production of the protein (P) coded 
for by gene (G) , said method comprising! (1)# 
expressing in cell (C) a ONA encoding receptor (R) or a 
modified functional form (r) thereof which has the 
transcription-activating properties of receptor (R)» 
and (2)^ increasing the concentration of hormone (H) or 
analog (aH) in cell (C) to a level sufficient to induce 
expression of gene (G) , and consequently production of 
protein (P) . 

35. A method according to Claim 34 wherein 
said increase in said concentration of said hormone (H) 
or analog (aH) is controlled so as to control 
transcription of gene (G) # and thus production of 
protein (P) . 

36. A method according to any of Claims 34 
and 3S wherein said cell (C) is a eukaryotic cell* 

37. A method according to any of Claims 34 
and 35 wherein said eukaryotic cell (C) is a mammalian 
cell. 
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38* A method iccocding to any of Claims 34 
and 35 wherein aaid eukaryotic cell (C) is a human 
cell, 

39. A method accocding to any o£ Claims 34 
and 35 wherein hormone (H) is a hormone selected from 
the group consisting glucocorticoid hormonesr 
minecalocorticoid hormones and thyroid ho*-mones# and 
analogs thereof. 

40. A method according to any of Claims 34 
and 35 wherein receptor (P) is a receptor selected from 
the group consisting ot glucocorticoid receptor^ 
mineralocorticoid receptorr and thyroid receptor. 

41« A method for engineering a cell and 
producing a protein (P) that is encoded by a gene (G) , 
a gene whose transcription is substantially activated 
by hormone (H} , or an analog (aU) thereof^ when (H) or 
(aH) are complexed with receptor (R) or a functional 
modified form (r) thereof # and when naid [ (U) or 
(aU)/(R} or (r)l complex is bound to a transcriptional 
control element on the chromatin where gene (G) is 
locctedr said method comprising: (1) # placing gene (G) 
in cell (C) so that gene (G) is under the control of a 
transcriptional control element that can be activated 
by a [(H) or (all)/(R) or (r)] complex when bound to 
3aid transcriptional control element; (2), transforming 
cell (C) with a ONA coding for receptor (R) or a 
functional modified form (r) thereof which has the 
transcription-activating properties of receptor (R) / 
and; (3) , increasing the concentration of hormone (H) 
or analog (aU) in cell (CJ to a level sufficient to 
induce and control expression of gene (G) # and 
consequently production of protein (P). 

42. A method according to Claim 41 wherein 
said ceil (C) is a euJcaryotic cell. 

43. A method according to Claim 42 wherein 
said eukaryotic cell (C) is a mammalian cell. 
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44. A method according to any of Claim 43 
wherein said euKdcyotic cell (C) is a human cell. 

45. A method according to Claim 41 whecein 
liOtmone (H) is a hormone selected £com the group 
consisting glucocorticoid hormones, mineralocor'wicoid 
hormones and thyroid hormones, and analogs thereof. 

46. A method according to Claim 41 wherein 
receptor (R) is a receptor selected from the group 
consisting of glucocorticoid receptor* 
mineralocorticold receptor r and thyroid receptor. 
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SchcmaUc Representation of Uie hGR Functional Assay 

FIG. II-l 
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I eC«C^,CiCCUCCCnAr.rjATCfCCACACACGACA*CTCTCTnAACACTrr.CJ»GCCCCTiArcCAGTACC^ 
V, rACCAAr.rcAGCTTr.crCCTAGCTCTCCCACCTCCCACTCACTCCCCAGCCCCTCTAACCACCGGCCCTCCCGTr 
1*: :rTTTr,:.GrM-ACAGGGCATCGTGIGAAAGGCTGAGTACTGAGCGGGATACTATG(KTGCTGTCCCCTAG^ 

0GTGGCG-.&GGGTGGr.:GGCCTGrGG6CGTGGGGGCGGGCAGTGTGCCCACCCCAGTCTCr::GCGrCCTCCAGG 

10 

H*tGtijC'nty$Pre)S«rLy*VllGIuC/tGIy5er4tofrnGIuGIuA\ft 
i ;! -'.CATr.CCr.ArG(WUf rGAi^rji^ArGGAACAGAAGCCAAGCAAGGrGGAGrGTCCGTCAGACCO^GAGGA 
TO 30 it) 

r.mr$ \ ef Pro* ^rG t yLy«Ar»jiy^ Ar-jLyfAinGt yGlnCyiProLeuLylS*r>f H#t SeKj 1 y f /r 
^GTCCCAr.GrCACCAGAIGGAAAGCGAAAAAGGAAGAACGGCCAATGTCCCCTGAAAAGCAGCArGrOGGGUr 

50 60 
! tePro5frTyrL«oAsnly»AspGluGI"ry»ValVdlCysGlyAsoLyiAUThrGtyryfMMTyr4r7C*\ 
1 ircCCTAGTTACCTGGACAAAGACGAGCAGIGTCTCCTGTGrCGGGACiAGGCCACCGGTT^rCACrACCGCTr.: 
70 80 70 

IleThrCy»GlvClyrMt.^tGTyPhePh»*r9Ar7Thr|l»GlnLysAsnieuMMProrhrryr5erCy»Lrt 
xrCACTT-.TGAGGGCTGCAAGCGCTTCTTTCGCCGrACAATCCACAACAACCTCCATCCCACCrArTCCTCCAAA 

100 110 
T<rA^3'.*rCy»Cy4V«Ul«AspLyiM»rhrAr9AsnG!nCytGlnLeuCy*Ar')Ph«Ly^Ly»CytneAU 
fCl 'ATGACA^TGCTGCGTCArCGACAAGArCACCCGGAATCACTGCCACTTCTGCCCCTTCAAGAAGrCCATrGCr 
120 no 140 

'/4lG1yHetAUHetA«pL*uValLeuAsoA5cS«rlysAri)V4lAUlyiAr9LyiLeu[i'>''iluG1nAin«r'T 
rirGGGCATGGCCATGGACCrGGTrCTAGACGArTCAAAGCGGGTGGCCAAACviCAAGCTCArrGAGCAGAACCGG 

ISO 160 
GlMAr9ArqArgLyfGluG!uHet|leAr')S#rLeuGInGlnAr<3proG»uProThrProGl'jGluTroAioLfu 
;'l GAGAGGACGCGAAAGGAGCAGATCATCCCCTCSCTCCAGCAACCACCAGAGCCCACTCCTG^iAGAGrCGGArCTG 
170 laO 190 

IleHt»V4lAUThrGluAUHHArq5errhr»tnAUGlnGlySerHltTrpLyiGlnAr'j*r<jLy5Ph(!L?u 
825 ATCCACGTTGCTACAGAGGCCCATCGCAGCACC.UtGCCCAGCGCAGCCATTCGAAACAGAGGCGAAAATTCCTG 
200 210 
ProA$pAspneGlyGln^erPro!leV4lSer?'ftProA5oGlyA»pLy?v«IA5oLeuCl-jAlaPhe5erG''j 

901 ccggatgacattggccagtcacctattgtctccaigcccgacggacacaaggtgcacctaga&gccttcagc:ag 

220 230 240 

Ph«Thrty«ll«neThrPfoAI*nfThrAr7y*iV4lAtoPh»Alaly$Ly»LeuPfoH#»PVSerC!ui "u 
rTTACCAACATCATCACCCC:SCCATCACCCGCGrGGTGCACIfTCCCAAAAAACTGCCCATG:rCTCCCAGCrG 

250 260 
ProCytGluAfpGlnlUMeLeultuLyiGlyC/iCyiM^tGtutUHetStrieuArnAi^AtivjUrQryr 
1051 CCTTGTGAAGACCAGMCArcCTCCTGAAGGGCTGCrGCArGGAGATCATGTCCCTGCCGGCAGCrGTCCGCrAf 
270 280 290 

A$pProGluS«rA*pthri#urhrteuSerGIyGIuHnThrV4;Ly«Ar9Ly5G1«t»uly^i\nGIyGlyl 
1126 GACCCTGAGAGCGACACCCrGACCCTGAGTGGGGAGATGACGGrrAAGCGGAAGCAGCTCAAGAAfGGTGGCTrG 
300 310 
GlyV«lValSerAipAUII»PheGluLeuGlvly\SerteuSerAlaPheAinLeuAtpA\oThrGluVaUU 
1201 GGTGrAGTCTCCGACGCCArCTTTCAACTCGGCAAGrCACTCTCTGCCTTTAACCTGGArGAUCGCAAGTGOCr 
320 330 340 

LeuLeuGlnAUV4lLetiL?uMetSerrhrA<pAt9SerGlyLeuleuCylValAipLy5M-".IuLy»S'f'",M 
1276 CnCTGCACGCTGTGCTGflAATGTCAACACACCCCrCTCGCCrGCTGTGTGTGGACAAGArC^AGAAGA&rCAG 
350 J60 
Gl'iAUTyrteuLeuAUPh#GluHMT>rV*lA\nHMArijLy^Hf tAtnlIeProMMP»»»'-3ProLyU*u 
1351 CASGCCTACCTGCrGGCGnrGAGCACTACCrCAACCACCGCAAACACAACArTCCCCACTrcrGCCCCAAGciG 
370 330 390 

Le!iM«tlytV<IThrAtpleuAfqMetMeGlyAUCyiMUAUSerAr7Ph€LeuMi^M»tLySVJlGIuCy» 
M26 CriATGAAGGTGACTGACCrCCCCATGATCGCGCCCrGCCACCCCAGCCGCTTCCTCCACArGAA^GTCCACrCC 
400 410 
PrcThrGluLeuPheProProLeuPheleuCluVAlPheGluAsoGlnGluValEnd 
I^OI CCCACCGAACTCTTCCCCCCACTCTTCCTCGAGGrcnTGACGArCAGCAAGTCTAAGCCrCAGGCCCCCACAGG 
;5?6 GTGTCCCGAGCTGGTGCCGAGGAGCTTCCAGAGAAGGGACAAAGCTGGGGGCrGAGGGAGAACCCCCATCTCTTC 
I*) 5 1 TCTCCTTrCTCCCGTCCTTGGArAGATAraGCTrcCATlCACCCCTGCACCGCCCAGCCCCCTCJiGAACCTCCiG 
I 'T'l CCCTTGGACAGGCCGAr«'*rr,AACrrM r4rGA«*GGCCG^GTGGGAGGCTGCCAtCC**GrTr T'*.'»GICTCI'; 
I "1)1 GGACCCCAACCTCTAGA**GrAGGGG*A'...GAif,**4GACT':AGAGGGACAAGCCATCTrGJ»r.:*;T,'GGrCAGG 
H - ^ AGGAATGAGGAATACGGCAGGrGCCCMA*: rcirj rc rACACACACACACGAGAGCCC^CCA*?'. : rrCTTGGCC T 
r.<1 AGATTTCCCTTCAGGCCArAGGfCTCTAcrrCCC' MArACC-r>r.GrCCTGGGTGCAAAGGACAGCrTGGCTrGG 
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Issued 20/27 December 1984, (MIESFILD 
ET AL), "Characterization of a steriod 
hormone receptor gene and mRNA in wild- 
type and mutant cells", see page 779. 
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MOLECULAR AND CELLULAR BIOLOGY, 

(Washington, O.C., U.S.A. ), Volume 

4, issued June 1984, (FIR2LAFF ET AL), 

Dexamethasone Increases the Number 
of RNA Polymerase II Molecules Trans- 
cribing Integrated Mouse Mammary 
Tumor Virus DNA and Flanking Mouse 
Sequences", see page 1057. 

TOE EMBO JOURNAL , (Oxford, England), 
Volume 1, issued December 1984 
(GEISSE ET AL), "Glucocorticoid 
receptors recognize DNA sequences in 
and around mammary tumour virus 
DNA", see page 1613. 
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